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ELECTRICITY IN MODERN LIE 




P R E F A C E 


In this little volume 1 have endeavored to give a brief 
but intelligible and eonneeied sketch of the more important 
of the numerouB useful functions fulUlled by Electricity in 
modern daily life, the neientilie principles un<lerlying these 
practical applications, and the history of their development. 

It in addressed primarily to readers who have no previous 
knowledge of the subject, but who wish to know something 
of what Electricity has been made to do for tm, and of how 
it hurt been made to do it. 1 trust, however, that it may also 
be of Home urn: to students who are just beginning the study 
of practical Kleetrieity, by giving them a general view of the 
Held of knowledge which they will afterward have to study 
in detail. 

I have to thank my friend, Professor Sylvunus P. Thomp¬ 
son, and his publishers, Messrs. Spun, for permission to use 
Ids excellent series of akeleton diagrams illustrating the 
principles of dynamo construction and regulation, together 
with some other illustrations from Ids 1% Dynamo-Electric 
Machinery,” it most valuable work, which every electrical 
engineering Htudcnt should not only obtain, but carefully 
study. I am also indebted to Professor Thompson ami his 
publishers for the illustrations of Kcis's Telephone, which 
are taken from Ids book on the subject. 

My friend, Mr. Preeee, and his publishers, Messrs. Long- 
mans, and Messrs. Whitaker, have laid me under great 
obligations by their permission to make free use of the 

m 
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PREFACE 


illustrations in Preece and Sivewright’s standard work on 
Telegraphy, and in Preece and Maicr’s recently published 
volume on the Telephone. 

I also have to express my thanks to the editors and pub¬ 
lishers of “The Electrician” and “Engineering” for the use 
of illustrations, and to Messrs. Crosby, Lockwood & do. for 
some illustrations which I have taken from Sabine's valuable 
historical work on the Electric Telegraph. 

In tracing the history of the telegraph and of submarine 
telegraphy I have been much indebted to Mr. J. d. Faldo's 
“History of Electric Telegraphy,” which first, appeared in 
the pages of “The Electrician,” and to ‘Wilnse.hemlnrtrs 
“Traits de Telegraphic Sous-Mari no,” the best, work on 
Submarine Telegraphy which has yet been published, 
lastly, I have to thank my brother, E. W. de Tun/.elmanii, 
M.B., for contributing the chapter on Medical Electricity. 

0. w. I)K Tr.V/.Kt.MANN'. ’ 

65 Longridge Road, 

South Kensington-, 

October 30, 1889. 
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OIIAITKR I 

WJIAT Wtt KNOW ABOUT KhKOTKUJITV 

1 r r WOULD bo of tho gran tot intoront to traoo tins program 
of our kitowknlgn of alaairkml phtmnmmm from tho early 

tima whan tho Uraak philuauphor Thalan llrat observed 
that a pinna of tuuhar rubbed with various HubMianena whs 
capable of attracting light objects, hut ilia story would tlet* 
maud a volume to itself, f I will try, therefore, to set forth, 
an briefly m possible, the* present ttfitle of our knowledge) 
of tho nature of olnotrioal phenomena find of tho mean* by 

which electrical nrtiuiiH isuiv ha nrndunnd 3 

. - 

If n dry glass r< h i in ruhhad with one of seating-wax or 
resin, and ilia rods nra hung up hy threads so tlmt they aim 
move freely, they will ha found to nttrnri each other; hut if 
two rods of resin rublicd with glass, or of glass rubbed with 
resin, nru hung up naiir together tliay will repid each other, 
Tlw rods lira tlnm said to It© electrified, find a* they 
exhibit two distinct phoitostitum-™ namely, attraction and 
repulsion wo see tlmt tlitsrn iirti two distinct kinds of 
clectrifloation. 

If tha tods are laid aside for n abort tima they will tm 

w 

found to huvo lout their power of nttmeiiuj/ or r«'ju*Hin$ 
each other, TIujmq pluutoitttmit muy U) tthowit efilt moro 
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clearly by rubbing the rods with, silk, when it will be found 
that two similarly rubbed rods will repel each other and two 
dissimilarly rubbed rods will attract each other. The elec¬ 
trification of glass rubbed with silk is known as vitreous 
electrification, and that of resin rubbed with silk as resin¬ 
ous electrification. 

The ordinary cylinder or plate electrical machines are 
simply convenient devices for rubbing a glass plate or cylin¬ 
der with silk or other suitable substance in such a manner 
as to obtain electrification in a comparatively large quantity. 
The electricity, as it is obtained from such a machine, is 
allowed to pass to a cylinder of brass supported upon glass 
legs, usually known as the prime conductor, and after the 
machine has been in action for a short time, it will be found 
that on bringing the finger to the prime conductor a spark 
will pass. If before trying this experiment the prime con¬ 
ductor is connected with the ground by a wire or chain, no 
spark will be obtained. The reason for this is that the elec¬ 
trification produced upon the prime conductor is not able to 
pass through the glass, hut passes away as rapidly us it wan 
produced through the wire or chain. This shows that snmo 
substances will allow electricity to pass through them with 
facility; such substances aro called good conductors. Other 
substances only allow electricity to pass with groat difficulty, 
and they are called had conductors or insulators. The best 
conductors known aro metallic bodies. 

Dry silk is a bad conductor of electricity, and therefor® 
a conductor suspended by a dry silk thread will retain its 
electrification for a considerable time. Komn, and glass free 
from lead, are even worso conductors, or, in other words, 
better insulators than silk, and aro therefore commonly used 
in making insulating stands for electrical apparatus. They 
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must bo kept dry, for if a film of moisture is allowed to form 
upon their surfaces this film will carry away the electrifica¬ 
tion. Air and other gases are absolutely perfect insulators. 
A simple and convenient instrument for detecting electri¬ 
fication consists of a small pith-ball suspended from a sup¬ 
port by means of a dry silk thread. If an electrified body 
is brought near to such a ball it will attract it, but when it 
comes into contact with the charged body the ball will take 
a portion of its charge and will be immediately repelled. 
Such an instrument, being capable of indicating the exist¬ 
ence of electrification, is called an electroscope, 

Take a rod of resin or sealing-wax, and have a small 
flannel cap made to fit exactly over the end of the rod, and 
having attached to it a dry silk thread. Now place the cap 
upon the end of tin* rod and turn it round several times so 
as to rub it against the rod, and then bring the rod and the 
cap together to the suspended pith-hall—it will have no effect 
whatever upon the ball; but if the flannel cap is removed by 
means of the silk thread and brought near to the pith hull 
it will attract the hall ju>t as tho eh;trg«*d e<mduetnr did, 
and after the ball has touched the flannel it will be repelled. 
If the rod which was nibbed with the flniiiitd is then held 
near the pithdiull, the bull which was Indore repelled will 
be attracted. 

Now 1 will suppose that the reader has no further knowl¬ 
edge of what electrification consists in than has limi fur* 
nislietl by the foregoing experiments, and 1 will ask lorn 
to consider what information they eun give eoneerniug its 
nature. Wlint 1ms been proved is that n«* electricity is act¬ 
ually generated, for the electrifications of the two bodies 
are eijiml in amount, but opposite $n sign. 

Imagine for a moment tluit idtasirifyitig it body ]K>sitively 
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consists in adding a certain something to it, then electrifying 
it negatively to the same extent will simply mean taking 
away an equal amount of that something from it. At this 
stage an analogy will be of assistance, for tho great difficulty 
of forming exact conceptions of electrical action lies in the 
fact that we have no electrical sense. We are able, by means 
of our ordinary senses, to detect the presence, or the trans¬ 
ference from one place to another, of solids, liquids, or 
gases. Our senses again will tell us when one body is hot¬ 
ter than another; but we have no corresponding means of 
directly determining whether one conductor is more or less 
highly charged with electricity than another. Consider, 
then, what happens when a liquid—such as water, fur ex¬ 
ample—is poured from one vessel into another. If we have 
a certain quantity of water contained in two vessels, wo may 
pour water from one into tho other; but the exact amount 
poured into one must be taken out of tho other, always sup¬ 
posing that no water is brought in from outside, and that 
no loss takes place of tho total amount in the two vessels. 

Now carry the analogy a step further. Suppose the water 
to be at the same level in the two vessels, and suppose we 
have the means of connecting the two by a tube, by which 
water can be driven from one into tho other. To do this, 
suppose the vessels to bo cylinders, and suppose that a pis¬ 
ton fits air-tight into each cylinder, and floats upon the water 
contained in it. Imagine that tho vessels are opaque, so that 
we cannot see what goes on inside them; hut assume that w« 
have the means of forcing down one of tho pistons, so us to 
drive the water into the other vessel. Let the space «!h»vo 
the piston in each cylinder be occupied by air, and let u tube 
with a narrow opening be fitted into tho top of each eylin- 
der. Now let the pair of cylinders be given to some one 
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who is ignorant of what they contain, and ask him to work 
the mechanism for depressing the piston. Suppose, more¬ 
over, that he does not know which piston is depressed by 
the mechanism. He will have no direct means of observing 
the amount of water inside; but if ho allows some light ob¬ 
jects, such as pieces of tissue paper, to fall near the ends 
of the two projecting tubes, he will find that the paper is 
attracted toward one tube and repelled from the other—the 
reason, of which ho knows nothing, being that the water, 
which is forced into one cylinder, drives out the air above 
it through its tube, whilo the descent of the piston in the 
other cylinder allows air to rush in through its tulw>. He 
will therefore ibid two different effects produced—namely, 
attraction of the paper to one tube, and its repulsion from 
the other. If now he takes a tube of the form of the letter 
“ Y," and connects the two arms by means of India-rubber 
tubes with the tubes issuing from the two cylinders, he will 
find that pieces of paper placed near the stem of the “Y” 
tube will neither bo attracted nor repelled, the reason of 
course being that the amount, of air sucked into one c\ Under 
is equal to the amount driven out of the other, so that no air 
is cither driven out of the stem of the ** Y” tube or sucked 
into it. We -must suppose that the experimenter is only 
able to observe the attraction of the paper to one tube and 
its repulsion from the other, and that he has im means of 
limitin' out that these are caused by the expulsion of the air 
from on*' tube and by its lsutig sucked into the other He 
will therefore have exactly similar data to those obtained 
from the eleetrien! experiments, and he will draw the con¬ 
clusion that the effect of working the mechanism is to cause 
the two cylinders to give rise to two distinct effects, but 
that the sum total of the two actions ut aero. Thin analogy 
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will help to explain how it is that though wo know abso¬ 
lutely nothing of what electricity really is, yet wo nro en¬ 
titled to assert that, when electrification takes place, some¬ 
thing occurs like the transference of an incompressible 1 i< j u id 
from one place to another. 

In the application of electricity to practical purposes what 
is required is either to maintain a continuous flow of electric¬ 
ity through a conductor, or to make it surge repeatedly hack- 
ward and forward through the conductor. It is therefore 
necessary to consider the means by which electricity can be. 
set in motion. Take a metallic cylinder resting horizontally 
upon an insulating stand, and from each end of it. suspend 
by means of a thread a pair of pith-balls. Then briny oho 
end of the cylinder near to a conductor charged with, sav, 
positive electricity, and it will be found that the pith bails 
will immediately diverge from each other. Now rub a piece 
of sealing-wax with some silk, and, keeping the chary,ed 
conductor near the end of the insulated cylinder, briny 
sealing-wax near to each pair of balls in succession, when it 
will he found that the pair nearest to the conductor will bo 
repelled from it, showing that tho nearer end of the cylinder 
with the balls suspended from it are negatively electrified. 
The pair at tho other end of tho cylinder will be found to 
he attracted, showing that the further end is positively 
electrified. The effect of bringing the insulated cylinder 
near to the positively charged conductor bus, therefore, 
been to charge its further extremity positively nn d its nearer 
extremity negatively, so that a positively charged body ,„ lt 
only repels a similarly charged body, but it also drive* dec- 
tricity, of a similar kind, to the further portion of the con¬ 
ductor into the neighborhood of which it is brought. Tin* 
is called electrical induction. 
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Consider the question of electrical induction somewhat 
further. Take a cylindrical glass jar, and coat it, both in¬ 
side and outside, to within two or three inches of the top 
with tin-foil. Then place the jar upon an insulating stand, 
and connect, by means of a wire or chain, one of the tin-foil 
coatings—say, the inner one—with tho conductor of an elec¬ 
trical machine, and work tho machine for a short time. We 
should then expect the coating in connection with the con¬ 
ductor of tho machine to have received a charge from the 
latter. If the jar is disconnected from tho conductor wo 
should therefore expect, on presenting a finger to the inside 
coating, to receive a spark. If the jar is thoroughly dry at 
the time of making the experiment, so that tho inner ooating 
is well insulated, a small spark will ho obtained if the 
machine was acting properly; hut it will be a very feeble 
one. Now repeat the same experiment, having previously 
connected the outer coating with the earth. It will then Ik) 
found that after turning the machine as many times m before 
a very much stronger spark will be obtained on presenting a 
finger to the inner coating, thereby connecting it, through 
the observer’s body and the earth, w»*?’ >uuir couttng; 
mid indeed, if tho jar is a large one, and the machine w 
in good condition, the strength of the spark will probably 
he such as to prevent any desire for a repetition of the 
experiment. 

Now, what is it that has taken place, and what in tho 
cause of the difference in the two eases ¥ Tho fluid analogy 
will here again 1st of assistance. A conductor will be repre¬ 
sented by a tube; and mi insulator, or, as Faraday called it, 
a dielectric, by a partition across tho tnlai, which will not 
allow water to flow through it, hut of suoh a nature, how¬ 
ever, that the water upon one side of the division may be 
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capable of acting upon tbe water at the other Hide. Tho 
latter condition is necessary in order to represent the electri¬ 
cal actions, for it has been pointed out that when a charged 
body is brought near to a conductor, but is separated from 
it by a dielectric, such as air, for example, the electricity 
similar to that on the charged body is driven to the further 
portion of the conductor. 

Suppose, therefore, that the tin-foil coatings of the jars 
are represented by two tubes, while the dielectric, glass, is 
represented by a division, consisting of a sheet, of some elas¬ 
tic substance—for example, a thin sheet of India rubber. 
The opposed surfaces of the tin-foil coatings are separated 
by means of the glass of tho jar, and one of the non opposed 
surfaces is in contact with the dielectric, air, while the other 
is connected with the conductor of the electrical machine. 
The state of things in the first experiment may therefore be 
represented by closing up tho end of one of tho tubes with 
a second sheet of India-ruhber, attaching a pump to tho 
other tube and forcing water into it. The India-rubber 
separating the two tubes, and that which closes tin* end of 
the tnbeTttrtl;": + .from tiro pump, will stretch slightly, and 
therefore a small quantity of water can he forced in, and if 
the tube connected with the pump is suddenly opened the 
India-rubber division will flyback to its original posilimi, 
and throw out the water just as tho inner coating was dis¬ 
charged when touchod with tho finger 

In the second experiment tho outer coating of tin-foil 
was in connection with tho earth. Now, in order that the 
electrical machine may continue to give a supply of 
tricity, its rubber must be in connection with tho earth; 
or the jar may be insulated and its outer coating conneeted 
with the rubber of the machine, the inner coating remaining 
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in electrical connection with the prime conductor. To rep¬ 
resent the state of tilings in the second experiment the India- 
rubber covering must therefore be removed from the further 
extremity of the tube, and tho tube allowed to dip into a 
tank with which tho pump is also in connection, or tho tube 
representing tho outer coating of the jar may be connected 
directly with tho pump. In either case, whon tho pump is 
worked, water will bo forced into tho tube representing tho 
inner coating, tho same amount being simultaneously with¬ 
drawn from tho other tulio; and if sufficient force is applied, 
this may he continued until the India-rublior division 
breaks. Similarly, in ease of the jar, given a sufficiently 
powerful machine, tho electrification may ho increased until 
the electricity cither overflows or discharges through tho 
glass, which would ho broken in the process. If tho jar is 
properly constructed, the tin-foil will 1 h> taken up so near 
to tho edge that the discharge when it takes place will occur 
through the air, round the edge of the jar instead of through 
the glass, thereby saving the jar from destruction. 

This experiment .illuHtrat.es something more than the pre¬ 
vious ones vi*/., it not only shows t hat the flow of electricity 
is like the flow of u liquid, but that it, is like the flow of an 
incompressible liquid; so that in order to force electricity 
into any conductor an equal amount must be simultaneously 
forced out of it If this explanation of the notion of a Ley¬ 
den jar is correct, we should expect the glass, or other 
dielectric, separating two ohnrgcd conductors, to b« in a 
state of coie-.tramt, ami this has been conclusively proved 
to be the rase by examining the glass by tho aid of ptdur» 
isted light. 

We an* therefore justified in eoucludiug that whatever 
oUsetrieity really is, ti lashavcs exactly m if it wort) an inuota* 
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pressible liquid; and it follows that the first analogy for the 
production of electricity by friction between two conductors 
would have been more exact if we had supposed the space 
aboye the pistons in the jars to be likewise filled with water, 
and the whole apparatus to be immersed in a tank of water, 
when, of course, instead of air flowing out of one tube into 
the other, we should have water, and the phenomena might 
be made evident by the aid of some light bodies suspended 
in the water near the open ends of the tubes. W ater may 
be forced through the tube in various ways; but, other cir¬ 
cumstances being the same, the strength of the current of 
water—that is to say, the quantity which passes across a sec¬ 
tion of the tube in unit time—will depend upon the pressure, 
as will also the height to which the water can be forced. 
Again, if the vessels containing water are in connection by 
means of a tube, no flow will take place through the tube 
if the water is at the same level in both vessels; but if it is 
at a higher level in the first than in the second, the water 
will flow along the tube from the first vessel into the second 
until the levels become equal, because, as long as the level 
of water in the two vessels remains unequal, the pressure 
from the first vessel to the second will be greater than in the 
opposite direction. Since the flow of electricity may be 
compared to the flow of water, we should expect to find 
something analogous to difference of pressure as the cause * 
of the flow of electricity from one conductor to another. 
This has already been found to be the case in charging a 
Leyden jar by means of an electrical machine, what may be 
called electrical pressure gradually increasing up to a certain 
limit with the number of turns given to the machine; and 
with a large machine and a small jar the jar might be 
broken, or, if properly constructed, made to overflow. 



WHAT WE KNOW ABOUT ELECTRICITY 


17 


With a small machine and a large jar, however, it would 
be found that after a certain number of turns no further 
effect whatever would be produced, showing that the limit 
of pressure attainable by means of the machine has been 
reached. This introduces the idea of what is called elec¬ 
trical potential. The difference of potential between two 
conductors, or between parts of the same conductor, is analo¬ 
gous to difference of pressure, due to difference of level in 
the case of water; and indeed electrical engineers very com¬ 
monly use the term electrical pressure in place of potential 
difference. 

Now, water can only flow from one part of a vessel 
to another when the pressures in different directions are 
unequal; but this difference of pressure may be produced 
in other ways than by difference of level. In the same way 
the flow of electricity may be produced by other means than 
difference of potential, and therefore the more general term, 
electro-motive force, usually denoted by the letters E.M.F., 
is employed, being defined as whatever causes motion of 
electricity 0 Potential difference is therefore a special way 
of producing E.M.F., just as difference of level is a special 
way of producing difference of pressure in the case of water. 

It must not be forgotten that it was originally decided to 
call vitreous electricity positive, and by flow of electricity 
to denote a flow of positive electricity—that is to say, using 
the water analogy, we suppose positive electrification to con¬ 
sist in an excess of water. The assumption that negative 
electrification consists in an excess of water might equally 
well be made, for although it has been shown that some¬ 
thing analogous to a flow of water takes place in a conductor 
which is undergoing changes in electrification, no criterion 
ha m been obtained to determine the direction of the flow, 
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vlnclx is absolutely unknown, and we aro totally ignorant 
also of the velocity of flow, which may, for all we know, be 
a million miles in a second, or half an inch in a century 
v Friction between different substances is not at all a con¬ 
venient method for obtaining an electric current through a 
conductor, for even when a very large frictional machine 
is used only very weak currents can bo obtained. This most 
convenient method of producing a current for ordinary ex¬ 
perimental purposes is by moans of some form <>f gnivnuio 
or voltaic cell—a convenient form of cell for obluiuing fairly 
strong currents for a short time is the well-known Bichromate 
cell. It consists of a glass vessel containing a solution of 
bichromate of potash, with a slight trace of sulphuric acid, 
and a plate of zinc and ono of carbon, or more froipiently 
two plates of carbon, ono on each side of the xtim, immersed 
in the solution. If the carbon plates or plate are then con¬ 
nected with one end of a wire or other conductor, while tlm 
other end of the conductor is connected with the zinc plate, 
a current of positive electricity will flow from the carbon 
through the wire to the zinc, and through the Input! from 
the zinc to the carbon. A single cell of thia kind holding 
about a quart of solution iB capable of maintaining the light 
of a small incandescent lamp for some three or four hoiu». 
If several of these cells arc joined together by connecting 
the carbon of one to the zinc of the next, and m on, tint 
arrangement is called a galvanic or voltaic butter*, ff tho 
reader has a battery, say of four or live such cells, and a 
frictional maohine at command, ho will find it interesting to 
compare the current obtained from tho lmttary with that 
produced by the Motional eleotrioal machine. If tlm rutdwr 
and the prime conductor of the machine are mums' tad 
together by means of a pieoe of fine platinum or iron wira 
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a few inches in length, no effect whatever will he observed; 
hut if the same wire is used to connect the last two zinc and 
carbon plates of the battery, it will be raised to a white 
heat. Now, a current of electricity, when passing through 
a wire or other conductor, always develops heat, and the 
reason that no heat is observed in the wire connecting 
the conductor and the electrical machine is simply be¬ 
cause the quantity of electricity passing is too small to 
produce any perceptible effect. 

If now two copper wires are connected to the free zinc 
and carbon of the battery, and their ends brought together, 
a small spark will be seen when they come in contact. The 
length of this spark will be so short that it would be impos¬ 
sible to measure it, while with an electrical machine of 
moderate size there would be no difficulty in obtaining a 
spark several inches in length. 

If, again, the inner and outer coatings of a Leyden jar 
are connected with the rubber and prime conductor of the 
machine, and the handle is turned for some time, the jar will 
either burst or overflow if the machine is powerful enough, 
and if not, a strong spark will be obtained from the jar on 
connecting its inner and outer coatings. If the ends of the 
wires from the battery are now connected with the inner and 
outer coatings of such a jar, it will be found that however 
long the battery may be left on, the jar will not overflow, 
nor will it be possible to get a perceptible spark on connect¬ 
ing its two coatings. What is required in order to charge 
a Leyden jar is not so much a large quantity of electricity 
as a high pressure, to use the language of an engineer, or a 
high potential difference, if we wish to speak scientifically. 
The electrical machine gives a high potential difference but 
a very small current, while the battery gives a very much 
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larger current with a much smaller difference of potential, 
or lower pressure; indeed, it would ho necessary to employ 
a battery of many thousand cells in order to get a potential 
difference equal to that produced by even a small frictional 
machine. 


CHAPTER II 

WHAT WE KNOW ABOUT MAGNKTIHM 

I T has been known since very early times tlmt a cerium 
mineral, commonly called lodeatone, possesses two very 
remarkable properties. In the first pluee, it bus the 
power of attracting iron, and in a lesser degree some other 
substances—more especially the two metals, nickel nml 
cobalt—with a force which is greater beyond nil eotupuri* 
son than the attraction of gravitation, which is always ex* 
erted between two portions of matter. In the Mv«md place, 
when a portion of it is suspended, so that it can (urn Ir*‘cly 
in any direction — for example, if it is hung up by a thread 
passing through its centre of gravity—if always ussumru 
a certain definite direction at a given place on tin* earth** 
surface. These properties may he communicated i*» piece* 
of iron or steel by simply rubbing them in a certain definite 
manner with a piece of lodestone. In the ease of very soft 
iron, however, the properties so communicated are very soon 
lost again. 

Any substance which has these properties m cal Uni a 
magnet, and the action of communicating this properly to 
iron is called magnetizing it The lodestone m a chemical 
compound of the metal iron with the gas oxygen, and on 
account of its possessing the two properties mentioned if 
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ib also known a» magnetic iron ore, or magnetic oxide 

of iron. 

Humboldt, in tbe u Cosmos, n talk ub that three centuries 
before tbe Christian era the Chinese caravans were guided 
on their journeys across the trackless wastes of Tartary by 
means of a little human figure revolving upon a pivot, and 
holding in its outstretched hand a fragment of lodestone, 
so placed that its arm always pointed to the south. 

Large magnets are not now manufactured by rubbing 
iron with lodestone, because, as explained in a later chap¬ 
ter, the electric current provides a means of magnetizing 
iron ami steel very much more powerfully than would be 
possible merely by aid of the lodestone. The process of 
magnetizing by rubbing is however still frequently employed 
as a convenient method of making small magnets, as a piece 
of steel or iron may be magnetized by rubbing it with any 
other magnet, whether this be a lodestone or an artificial 
magnet* By the aid ol a moderately strong magnet and 
a few steel sewing needles, it is easy to make a series of 
experiments on the principal properties of magnets. 

There are several ways in winch a needle may be rubbed 
with a magnet in order to magnetize it, the simplest of these 
being to stroke the needle always in tin* same direction from 
end to end with tin* same end of a steel magnet made in the 
shape of 11 straight or bent liar. If two needles are magne¬ 
tized in this way and hung up by threads, so that they can 
move freely, or if they tiro fixed in small slips of cork, ami 
allowed to flout on the surface of water, it will be found that 
the needles will turn, so that two definite ends are juxta¬ 
posed, after which they will approach each other until they 
come into contact. If both the needles are reversed, so that 
the opposite ends of each are brought together, they will 
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esis to that of an established fact. I must first premise that 
a substance which is capable of experiencing any force in. 
virtue of the magnetism of neighboring bodies is called a 
magnetic substance. Iron is beyond all comparison the 
most powerful magnetic substance. After iron, and a very 
long way after it, come the minerals nickel and cobalt; and 
the sensitive magnetic instruments which are now in the 
hands of investigators indicate that it is almost impossible 
to find any substance which is not more or less magnetic— 
that is to say, which is not more or less susceptible to 
magnetic action. 

Weber supposes that every one of the molecules of which 
a magnetic substance is built up is itself a magnet; but that 
the axes of these small magnets are turned in every possible 
direction. The magnetic actions of the molecules will then, 
neutralize one another, so that the body will not act as a 
magnet; but if either pole of a magnet be brought near to' 
it, this pole will attract the unlike poles of the molecules, 
and will repel the like poles, so that the molecules will tend 
to arrange themselves with their north poles pointing one 
way and their south poles pointing the other way/- The 
molecules will then act together, and will form a magnet 
with the portion nearest to the pole of the inducing magnet 
of unlike polarity to it. It will be of interest to consider 
one or two experiments which help to establish the truth 
of this theory. 

Take an iron or steel bar—such, for example, as a poker 
—and hold it parallel to the direction assumed by a freely 
suspended magnetic needle; we should expect, if the poker 
were built up of magnetic molecules, that each molecule would 
try to set itself in a direction parallel to that of the sus¬ 
pended needle, for we should expect the earth to act upon 
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each molecule in exactly the flame way in which it, actB 
upon a suspended magnet The direction assumed by a 
freely suspended magnet in this part of the world is not 
very far removed from the vertical, so we should expect 
to obtain a fairly good result by simply holding the poker 
in a vertical position. Now, if the poker is merely held fur 
a few moments, either parallel to the suspended magnetic 
needle, or simply vortical, and then tested for magnetism by 
trying whether either end of it has the power of repelling 
either end of a suspended magnet, it will he found, provided 
the poker was not magnetised previous to the experiment, 
that it will not have acquired any stinsiblc magnetic proper¬ 
ties. Steel railings, however, which have remained formany 
years in a vertical position have frequently been observed to 
have acquired magnetic properties, the lower end having bee 
come n north pole, im we should expect, if Weber's theory is 
true. Now, it must be remembered that all the mot mm Ion of 
the poker are closely packed together* and it is therefore 
quite possible that the earth may exert n force tending to 
set them in u definite d ireet h»u, but that this f< nve mn\ not 
he strong enough to to, erconie the cohesion of the tuolectilca. 
This suggests that we should try by some means to diminish 
the cohesion of the molecules, and see if any better results 
are obtained, 1 hie way of doing this would be to strike tins 
poker with n hammer, and it mill be found that if the poker 
is held verticil! and struck with a hammer, it will beenum 
a magnet, the lower extremity hemming a north polo; mid 
if tin* position of the poker is reversed, amt it nutpntfi struck, 
its magnetism will bo burned lately reversed. A not her way 
tif diminishing tin* e«do*;hon would be to make the poker 
retl hot; and it will be found that if the poker is heated to 
reilttiiiii itiul then left In a vertical position until it beeomen 
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cool, it will have become a magnet, having its lower ex¬ 
tremity a north pole. 

It has been observed, moreover, that if a body is magne¬ 
tized it usually becomes either slightly longer and thinner, 
or broader and thicker; the nature of the change depending 
partly on the shape of the body and partly upon the state of 
strain in which it happens to be at the time of the experi¬ 
ment. Another fact strongly in support of Weber’s theory 
is that when a piece of iron is suddenly magnetized or de¬ 
magnetized by means of an electric current, a slight sound 
is heard, which, according to this theory, is due to the sud¬ 
den turning of the molecules. This production of sound 
during magnetization and demagnetization was utilized in 
the construction of one of the earlier forms of telephone 
receivers, which will he described in a later chapter. 
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Oil AFTER Ilf 

MUTUAL ACTION8 UKTWKKN MAUNKTH AND OONDUCTOHH 
TltAVKHHKD BY KLKOTHU5 CUKRENT8 

A T TIIK beginning of the present century the Swedish 
philosopher Oersted observed that when a wire carry¬ 
ing an electric current wan held over anil parallel 
to a compass needle, the needle wan deflected to the right 

or loft, the direction of deflection depending on that of the 
current When the wire wan placed underneath the needle, 
and parallel to it, while the direction of the current remained 
the mine, the direction of deflection warn also reversed. 
The subject was shortly afterward taken up hy the great 
mathematician and physieist, A injure, who found that tho 

direelion of deflect ion \v:i^ Hindi flint to u person King along 
the wire with the current going from his feet to bin head, tho 
north poh' of I In* needle wmihl always turn to his left hand* 
AmptVe also discovered that two conductors carrying electriif 
currents nttract or repel raeii other, and otherwise huliacii 
just like magnets. These discoveries lire of flic greatest im¬ 
portance, an they give tts the mentis of detecting tin* exist¬ 
ence of electrical currents, mid of measuring their strength 
by mmiiH of magnetic instruments* I will therefore conaidor 
them further. 

Snj*p*»so that n wire Itno been bent into tlm form of a 
circular ring, leaving tfu two end** free. Let tho two audit 
he itciEt iter fed with the poles of a buttery, amt til# ring mm* 
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pended from a support in suet a manner that the whole 
circle can turn freely in any direction. It will then he 
found that the circle will place itself with its plane per¬ 
pendicular to the direction of the magnetic dipping needle, 
as a freely suspended magnet is usually called. If the di¬ 
rection of the current through the circuit is reversed, the 
circle will again take up a position with its plane perpen¬ 
dicular to the direction of the magnetic dipping needle, but 
its aspect will be reversed—the face that before pointed to¬ 
ward the north now pointing toward the south. If the direc¬ 
tion of the current round the circle in each case is noted, it 
will be found that, looking at the circle from the south side, 
the current will flow round it in the direction of the hands of 
a watch; or, as we say, the direction of flow round the circle 
is clockwise. The face of the circuit which points north¬ 
ward may be called its north pole, and the face which points 
? award maybe called its south pole. If two such sus- 
pb I ••ir ri::.? are brought close together, they will be 
Lund to attract when opposite poles are presented to each 
other, and to repel when similar poles are presented. Thus, 
when the two circles are parallel to each other they will at¬ 
tract, when the direction in which the current flows is the 
same in both, and they will repel, when the currents flow in 
opposite directions round them. It is found generally that 
conductors carrying parallel currents in the same direction 
attract each other, and that conductors carrying currents 
flowing in opposite directions repel each other. Instead of 
merely a single circle a coil of any form may be used. • A 
coil of considerable length and of comparatively small sec¬ 
tion is a very suitable form. Such a coil is called a solenoid. 

A number of experiments of this nature suggested to 
Ampere that the properties of magnets might he accounted 
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for by assuming that every molecule of a magnetic substance 
had an electric current circulating round it. When a body 
was magnetized ho supposed that all these currents were 
brought into parallelism. In this case the currents flowing 
in opposite directions round the adjacent portions of two 
molecules would destroy each other, and a magnetized rod 
might therefore be considered ns equivalent to a series of 
currents flowing in the same direction round its circum¬ 
ference; in other words, it would he oxuctly like a solenoid. 
Ampere’s theory of magnetism is now generally accepted as 
being most probably true. It is an explanation of magnetic 
in terms of electrical action, and though it only explains 
one unknown thing in terms of another, it has the advantage 
of leaving us to deal with outs unknown quantity instead of 
with two. The principal difficulty in AmptVe’s theory 
of magnetism lies in the fact that every conductor such as 
we are acquainted with is heated when traversed by an elec¬ 
tric current, whereas Ampdro’s molecular currents must flow 
round the molecules without causing any development of 
heat, otherwise a magnetic substance would afford u con¬ 
tinuous supply of heat, which of course would be in total 
opposition to experience. So little, however, iH known about 
the manner in which this heating effect is produced, owing 
to our total ignorance of the internal structure of molecules, 
that there is really no reasonable ground for assuming that 
the effects produced in the two eases would be similar in 
their character. 

The discovery of tint effect of an electric current upon a 
aus|K)nded magnetic needle gave a simple means of detecting 
eleetrio current* of moderate strength, and it was very mm 
found that by making a current flow many times round the 
needle, instead of simply passing over or under it, the effect 
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could be greatly increased. In thin way it became po-oiiblo 
to construct instruments capable of measuring ex trendy 
feeble currents. Sucb an instrument is known as a gnh am >m- 
eter. If a steel bar is placed witlun a coil of wire traversed 
by an electric current—that is to say, a solenoid—the bar on 
being removed from the solenoid will bo found to be mag 
netized. If a current goes round the solenoid in the direc¬ 
tion of the hands of a watch with its face directed toward 
the end from which the current flows, the end of tho steel 
bar within tho end of tho solenoid at which tho current 
leaves will be found to bo a north polo and tho other md 
a south pole. This is easily explained on Weber’.-; 
for if each molecule of which tho magnetic s-ib, t.m. is 
built up is turned with its magnetic axis in tin- dlm-iinn 
indicated by Ampdro’s rulo, previously <jnuf<d, it ?. ill 
follow that when a current flows over, ami at right nm-!,s 
to, a bar of steel tlie liar will bo magnetic,-d in i m ■' a 
manner that a person lying along the win-, v.itli th.- ■nn- at 
coming in at his heels and going out at his hi .id, am! !- 
ing toward the bar, will see the north pole on his left 1 ..i d. 
The reader will easily sec that this agrees with tin- r« -nit 
obtained with tho solenoid. 

Not very many years after Ampere's disco < t i» i ,,er , n 
great physicist, Michael Faraday, discovered that m...... i *.. - y 

electrio currents were produced in a conduct,,r v. i i. ! 
changing its position relatively to a muon, t, oj j.. .. , 
ductor carrying an electric, current. of J.,, , } ., ,j. 

ments we must consider in detail, as ties haw- j.j,., k 
method of producing eleotric currents of almost an -. ,u S 
strength very muoli more olu-aply than w,m!d 1,’.j •„ 
with any form of voltaic battery. Take sum.- « r v. „„ 
covered with gutta perclm or cotton, or other in«uU , „ 
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substance, wind it into a coil, and connect tbe ends with, 
the terminals of a galvanometer—that is to say, with the 
extremities of the wire which is wound round tho suspended 
magnet. Now take a strong bar magnet and push it right 
through tho coil. The galvanometer needle will then sud¬ 
denly deflect, first in one direction ami then in another, 
showing that during the passage of the first half of the mag¬ 
net through tho coil a current is produced in one direction, 
while tho passage of tho other half gives rise to a current in 
tho opposite direction. This shows that tho approach, say 
of tho north pole of tho magnet to one face of the coil, pro¬ 
duces a current in the same direction as its recession from 
the opposite fatso, amt that the currents produced by the 
approach or recession of the north and south poles respec¬ 
tively are in opposite directions. Exactly similar effects are 
produced if a coil carrying an electric current is used in 
place of the magnet; hut this is not all. Earaday found 
that not only wore momentary current® produced in a con¬ 
ductor by the approach or withdrawal of a conductor trav¬ 
ersed by u current, but that when the current arises or dies 
away in a conductor it produces a current of short duration 
in neighboring conductors. If two wiroH arc placed parallel 
to each other, and if the ends of one wire arc joined so as to 
make a complete metallic circuit, while an electric current 
is suddenly started in the other, by connecting its ends with 
the poles of a battery, a momentary current in the opposite 
direction will be produced in the first conductor; and when 
the battery circuit is broken there will be a second momen¬ 
tary current produced in the neighboring conductor m a 
direction opposite to the previous one. These momentary 
currents are called induction currents, and the circuit which 
produces this phenomenon, either by ite motion or by a our- 
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rent being excited or dying away within it, t* called the 
primary circuit, while that in which the mumentary current 
is produced is called the secondary circuit. 


CHAPTER IV 

FORCE, WORK, ANI) POWER 

I N order to understand the conditions which determine 
the relative advantages of different methods <»f pro¬ 
ducing and distributing the electric current., a ebar i -.1 
of the physical quantities, Force., Work, and Power, : , t 
first he obtained. Newton defines a have us whutev er rue e.i 
change in the motion of a portion of mutter. Ti.n .. v. : - a 
train is at rest at a station, a certain hove has t>> ' e ; 1 .-d 
to set it in motion and to increase it., spei d; for. i .' • > 
required to stop tlio train when oner it i; in '■ , 

shown in a very forcible manner i! it eonuv int. > • ■ ..n 

with a stationary or moving body, mic.lt as, for .■- .r . <, 
another train. When once the train has put up it i<- . I 
speed, it would continue to move at that . per < ,( <. „ 

were no force tending to bring it to re.,t, and ti.i u i ■,! 

this wero tho case, a train running along a 1, \ ■•! - , ,j 

only require an engine to start it, after wide!, it \ , 
tinue to move without further applieati.ui of f,:,i 
means wero taken to bring it to rest. 

As everybody knows, however, no tram wi!! .. i ; . «„ 

run on indefinitely without assistance from tin . , f 

therefore there must he someone or more for.-, 4 a," . u 
it in such a way as to retard its motion The r 

is the friction between tho moving parts It i« m,:„u. llM n \y 
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impossible to obtain any body in nature which is not already 
acted upon by some force, so that when a oertain force is 
applied to a body, it is impossible to determine its effect 
directly, because it is mixed up with those of the forces 
already acting upon the body; and it is only by a careful 
study of the motion of bodies under various conditions that 
it becomes possible to distinguish the different forces acting 
upon them, and to determine which of the effects are duo to 
eaoh force. 

It was by continued observations of this kind that Sir 
Isaac Newton came to tho conclusion that if a body could 
Ihi found which was acted on by no force, it would cither 
remain at rest or continue to move at a uniform rate in a 
straight line. Newton also found that if a single force acted 
upon a body at rest, it would cause it to move with a con¬ 
tinually increasing velocity in tho direction of the force, 
lie found that as long as tho force remained tho name tho 
increase in tho velocity of the body during eaoh eeeond for 
which tho force was applied was tho same, and ho also found 
that the. force required to increase the velocity of a body 
by a given amount in a given time was proportional to tho 
quantity of matter contained in the lx>dy, or what is known 
as its mass. 

The general idea of force is a familiar one, but these 
exact statements about it are necessary in order to bo able 
to moosuro force, and indeed no ono can ever l»o said 
really to understand tho moaning of any quantity unless 
ho is able to measure it—that is to say, to make an exact 
numerical comparison between different quantities of tint 
same kind. The statements which l have made about 
tho nature of force do give the means of measuring it. For 
example, suppose that we have a body, the mass of which 
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m one pound, and suppose that this body can be removed 
from the action of all forces, such as the attraction of the 
earth, the resistance of the air, and so on. Apply to this 
body during the interval of one second a force which will 
make it move at a rate of one foot in a second. Then we 
are able to state from what has gone before that to give the 
same velocity to a mass of two pounds we should have to 
apply double the force for a second, or the same force for 
two seconds. 

In order to measure any quantity, it must be compared 
with some other quantity of the same kind; For example, 
if we say that a certain distance is ten miles, what we mean 
is that the distance is ten times as great as some other dis¬ 
tance with which we are acquainted and which we call a 
mile. The mile is said to be the unit, in terms of which the 
distance is measured; and if the distance is to be measured 
in miles it will be completely determined by a mere number, 
suck as ten or fifty. It is clear then that the expression of 
any physical quantity must contain a unit, consisting of a 
certain quantity of the same kind previously decided on, and 
a number expressing how many times the unit is contained 
in the quantity, Now, apply this to the measurement of 
force. 

The unit of force in use for ordinary engineering pur¬ 
poses is the weight of a pound—that is to say, the force with 
which the earth draws a mass of one pound. The principal 
objection to this unit is that the pull exerted by the earth 
upon any mass varies slightly from place to place on tho 
earth’s surface, being greatest at the North and South Poles, 
and least at the Equator; so that where great exactness is 
required, the place of observation must be stated. This unit 
has therefore not been adopted for electrical measurements, 
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nor has any other unit founded upon the English measures 
of mass and length. For scientific purposes the French 
metrical system is now universally adopted, and, the system 
of electrical measurement being a comparatively recent do* 
valopment, the importance of having our electrical measure¬ 
ments gi\ m in terms of the same unit as employed in other 
countries bus decided British electrical engineers to adopt 
units founded on the metrical system. 

According to this system, the unit of force, which is 
called the dyne, is defined ns the force which, whan applied 
for one second to a mass of one gramme, will give it a 
velocity of out' centimetre per second. This is what is called 

an absolute unit-.that is to say, it does not vary with the 

place or time of observation, but depends only on the three 
fundamental units--*>-namely, the second, which is in use all 
over the world, and the centimetre and gramme, which ara 
determined by comparison with the standard metro ami tha 
itatidiird kilogramme which are kept in Paris. 

The next step is to obtain an exact idea of what is meant 
by a quantity < *f work. If a body moves under the net ion 
of u force, work is said to be done by the body, and the 
amount of work done is measured by the product of the force 
into the distance through which the body moves ill the direc¬ 
tion of the force, If a body is moved against any force, work 
is said to bn done on the hotly, and its amount is measured 
by the product of the force into the distance moved in a 
direction opposite to that of the force. For ordinary engi* 
itemim? purpose*^ where the pound weight m taken ns the 
unit of force, the unit of work h« defined m the iniitiiint of 
work required to lift a mu?M of n pound to a height of a fuot» 
md is milk'd a foot pound The foot-pound being expressed 
a the p rot tael of n pound weight into n length of it foot* 



36 ELECTRICITY IN MODERN LIFE 

must, of course, like the pound weight, vary from place 
to place on the earth’s surface. The absolute unit of work 
employed for electrical measurement, and for all scientific 
purposes, is the work done by a force of one dyne acting 
in its own direction through a distance of one centimetre. 
This unit of work is called an Erg, 

When work is done upon a body it is found that the 
body is afterward capable of doing exactly the same amount 
of work that has been done upon it, and it is therefore said 
to have energy stored up in it, energy being defined as 
capacity for doing work. Thus, if a cannon-ball weighing 
a thousand pounds were lifted to the height of one hundred 
feet, a hundred thousand foot-pounds of work would have 
to be done upon it. If the body were then allowed to drive 
a machine during its fall, it would do exactly the same 
amount of work by the time it had returned to its origi¬ 
nal level. 

It used to be thought that in a process of this kind some 
oi the work was lost; in other words, that the ball in de¬ 
scending would not do as much work as was required to 
lift it, for it could not, by any arrangement, be made to lift 
another ball, of equal weight, to the same height. The 
reason of this is, that some of the work is always wasted 
in some such way as overcoming friction, or the resistance 
of the air. In either case a certain amount of heat is gen¬ 
erated, and it has been shown that to a certain quantity 
of heat, generated by means of friction or other mechanical 
means, there always corresponds a perfectly definite expendi¬ 
ture of work, so that heat is simply another form of energy. 
Just as mechanical work can be transformed into heat, so 
heat can be transformed into mechanical work, but there 
is this important difference between the two cases: there is 
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no practical difficulty in entirely transforming a certain 
amount of energy in the form of mechanical work into heat, 
hut it is impossible, by any means at our disposal, to trans¬ 
form the whole of a given quantity of heat back into 
mechanical energy. 

These considerations give us a glimpse of two principles 
of the greatest importance in the study of natural phe¬ 
nomena, The first of these is called the Conservation of 
Energy/’ and it asserts that, as the result of fur-reaehmg 
experience, it is found that whenever energy disappears in 
one form it reappears without loss in another. This impor¬ 
tant principle was first stated in definite terms by Professor 
von Helmholtz; some forty years ago, and has been fully 
confirmed by all subsequent experience, m that it now ranks 
as one of the most firmly established fuels of nature. This 
is not the place for a detailed discussion of the conservation 
of energy, but it will be of interest to point out in passing 
that the principal source from which the energy necessary 
for the existence of our world in derived is the sun. The 
heat of the sunV rays e\aj»» *rates the water of the or« an, and 
the moisture 11ms earned up into the ntimsphere beetutietf 
condensed and falls again in the form of rain, and so feeds 
the rivers- which may be utilised to dmr fuaelunrrv by 
means of water*wheels ns they flow bad; to the sen, The 
nun's rays, again, build tip the mineral constituent* of tint 
earth's surface into the various forms of antem!;* and pbmtu, 
so that the forests iitul the coulfUdds are jdnq H * Teat store¬ 
houses id the energy given out by tin* sun in past lives, 
which energy is utilized when the wood or coal is burned; 
for the process of combustion simply e midst* in a rrtiotttbi* 
untie m between the o\\geu of tie* atmosphere niitl tli© tit lief 
tltiiitsfitu eon ini lied in the wood or coal, which wero 
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from the oxygen with which they were before combined, 
and built up into the trees of the forest, simply by the 
energy of the sun’s rays. 

The other principle to which I referred is known as the 
“Dissipation of Energy.” It is found that in every process 
by which a transformation of energy can be c flee ted there 
exists a tendency toward an ultimate transformation into 
heat of low temperature, from which it is impossible, by any 
known process, to obtain other useful forms of energy. This 
principle certainly applies to our own experience; but this 
experience is very much more limited than that from which 
the law of conservation of energy is deduced, and it may be 
that there are natural processes, at present unknown, which 
are capable of transforming this low temperature heat into 
some of the other known forms of energy. If this is nut 
the case, and the dissipation of energy is really a universal 
law of the universe, then the time must come when she 
whole universe will he one vast inert mass of uniform tern, 
perature, and therefore without life or any form of motion. 

The term “Power” is used by engineers to denote the 
rate at which work is done. The power of u steam engine 
is usually expressed in terms of the horse-power ns unit, an 
engine being said to ho of one horse-power when it is capable 
of doing work at such a rate as to be able to lift l!3,(Nto 
pounds one foot high in one minute. It may be us well 
here to point out that this is what is called Indicated Horse¬ 
power, and is usually denoted by the letters I.II.P. It iH 
determined by means of an instrument culled a “SUmm 
Engine Indicator," which draws a curve representing by its 
area the product of the length of stroke of the piston inti, 
the average pressure of the steam upon it—that is to say, the 
work done at each stroke of the engine—and therefore gives 
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the rate of doing work when an engine is making a given 

number of revolutions per minute. 

When a steam engine has to drive a number of machines 
—such, for example, as dynamos for producing the electric 
current, which are not always all running at the same time— 
the rate of working of the engine is controlled by means of a 
governor, which shuts off a portion of the steam when some 
of the machines are stopped, or, as engineers say, when a 
portion of the load of the engine is taken oil In this way 
the engine is made to work exactly at the rate required at 
any moment. When the current from the dynamos is used 
directly for producing the light in the lamps, it is of very 
great importance to maintain the power of the engine con¬ 
stant within very narrow limits, as if this were not done the 
speed of the dynamos would vary, and this would produce 
a corresponding variation in the strength of the light -that 
is to say, it would give rise to flickering. In order to ob 
vlate this, very sensitive governors slum Id lie used, hut 
even with the most sensitive governors available it would 
be impossible to maintain the light perfectly steady mi less 
the regulation of the. engine were supplemented by Homo 
electrical device for directly regulating the current actually 
given out by the dynamo. I shall have something further 
to say about these methods of electrical regulation in a Inter 
ohapter, tun the subject is one of very great import?*nee f and 
the grout improvement in the steadiness of the lamps now 
in use over those of a few years ago is to a large extent due 
to the adoption «f improved methods of electrical regulation. 

The unit of power employ ed for electrical measurements 
is called the ‘ Wutt/ 1 after the great engineer of that itittti#. 
Its value, us defined electrically, will l m given in a later 
chapter, and it will lai mUmmi for tint present to state that 
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a Watt is the power dovelopod when 44J foot-pound* of 
work are done in a minute, so that 740 Watts are equivalent 
to a horse-power. This relation is not absolutely exact, 
because the Watt is an absoluto unit of power, while the 
horse-power depends on the weight of the pound, and there¬ 
fore varies slightly from place to place on the earth’s sur¬ 
face; but it is sufficiently exact for all purposes for which 
power is expressed in terms of horse-power. 

A term in frequent use in connection with engines, and 
which the reader may meet with in accounts of electric in¬ 
stallations as descriptive of the engine power employed, 
is Nominal Horse-power, usually denoted by the letter* 
N.H.P. This is a very indelinito term, as it is a quantity 
depending on the length of the stroke and the dimensions of 
the cylinder; and its relation to the indicated horse-power 
which can be given out by the engine varies very much 
with the type of engine. In the case of the engines us< I 
for electric light purposes, however, the maximum 1.11.1’. 
should be in general about three times the N'. 11.1’., so that 
an engine of 30 horse-power nominal should be capable, 
when working up to its full capacity, of giving out about 
90 horse-power. The reader should be careful to distin¬ 
guish between work and power, and remember that power 
is the rate of doing work. Confusion between these terms is 
often made even by persons who ought to know better, and 
it is clearly not an unimportant distinction; for to detlne tin- 
capacity of an engine, what we want to know is, lmw much 
work it can do in a given time. If it is merely stated that 
an engine can do so much work, without stating how long it 
takes to do it, we are given no information whatever as to 
the capacity of the engine, for an engine employed to drive 
a small lathe which might be, say, of half horwo-power, may, 
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if kopt pretty constantly at work, do a larger amount of work 
in the course of twenty years than the engines of an Atlantic 
lmer, of perhaps several thousand horse-power, would do in 
twenty minutes 


CHAPTER V 
soukokh or kmcotkigity 

A N electric current is a source of energy—that is to 
say, it is capable of doing work. This is clear 
from its power of evolving heat, which, us I have 
pointed out, is a form of energy; and later on it will he 
shown that electrical energy may he transformed directly 
into mechanical work. According, therefore, to the princi¬ 
ple of conservation of energy, we cannot expect to maintain 
an electric current without keeping up a constant supply 
of energy. The simplest way of considering the different 
sources of electricity will he to divide them llrst into two 
mam divisions, according to the kind of energy which is em¬ 
ployed to maintain the current. These two kinds of energy 
are —(l) Meehuuie.nl Work and (2) Energy of Chemical Ac¬ 
tion. The principal kinds of apparatus in which the supply 
of energy is m the form of mechanical work nre--(l) fric¬ 
tional machines, (2) influence machines, (8) magneto ma¬ 
chines, (4) dynamos. The apparatus coming under the 
second heading are the different forms of galvanic or vol¬ 
taic batteries, now more generally known as primary 
batteries. Heat energy may also he used to maintain an 
electric current by means of an apparatus nailed a thermo- 
©koine buttery This source of energy has as yet lieon very 
tittle employed for generating electric current* for practical 
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purposes, but it is not improbable that, an our knowledge 
advances, more economical means of generating thermo¬ 
electric currents, as they are called, may be discovered, 
and energy in the form of heat may then bo iiineli morn 
extensively employed for maintaining electric currents for 
commercial purposes. It* must be borne in mind that tin 
distinctions between the forms in which energy is supplied 
to different classes of apparatus is one merely adopted for 
convenience, and not one resting open any fun*lame?sf al 
principle. It applies, moreover, only to the aoiuvo from 
which the energy is derived immediately before supplying 
it to the apparatus. For example, frictional ami infhnmeo 
machines are generally worked by hand. Here the rumyy 
is in the form of mechanical work, but this has pnn untidy 
been stored up in the human body in the form of elnuitienl 
energy, obtained from the food assimilated by the body * .u.d 
this chemical energy was in its turn obtained, m at tvs* h * \ 
plained, from the energy stored up in tin* sun, Dennim**, 
again, are usually driven by steam-power, or martim**#, 
when available, by water-power. In the former non ilm 
source of energy is chemical mstion—namely, tin* eombtim 
tion of the coal; in the second, it is mechanical murk due 
to the water seeking its own level under flu* n«'ii**n uf ilm 
force of gravity. In each case, as explained in Chapter 
IV., the energy is ultimately derived from the sum 

Frictional Machines 

The Motional machine has already been alluded to In 
Chapter I. It used to be employed to a oonmderuhle tmfrtti 
for producing the electricity required to fire charge* of 
plosives — as, for example, in blasting operation*. At jirtit* 
ent it is being almost entirely displaced by the influmio# 
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machine, and I shall therefore not devote space to the de¬ 
scription of any of the forms of instruments employed for 
such practical purposes. The most convenient form of the 
machine for experimental purposes is what is called the 
plate electrical machine. It consists of a disk of plate glass 
mounted upon an axle, about which it can be made to rotate 
by means of a handle. Eubbers, usually formed of leather 
or silk, are attached to the framework on which the axle is 
supported in such a way that they press against opposite 
sides of the upper and lower edges of the plate respectively. 
At a distance of 90 degrees from each of these rubbers there 
is fixed a bent brass rod surrounding, but not touching, the 
edge of the plate, and furnished on the side presented to¬ 
ward the plate with small projecting spikes. These two 
bent rods are attached to the ends of a thick brass con¬ 
ductor, supported upon an insulating stand, usually made 
of glass. This is known as the prime conductor. It need 
not have any special form, except that every part of it must 
be rounded, with the exception of that presented toward the 
glass plate. The reason of this is that it is found experi¬ 
mentally that the electrification of a conductor always dis¬ 
tributes itself entirely upon the surface of the conductor, 
and in such a manner that the accumulation of electricity 
is always greatest at the most pointed portions, and least at 
the most rounded portions. Now I have pointed out that 
the electricity upon any conductor tends to drive away the 
electricity of another conductor in the neighborhood, and 
we should therefore naturally expect the electricity of a 
conductor to behave in exactly the same way toward othet 
electricity in the same conductor, This we find to be the 
case, so that at every point of a conductor there is a force 
acting upon the electricity of the conductor, and directed 
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outward from it, wliicli tends to break down tin* insulation 
of the air or other dielectric surrounding tho conductor, and 
to cause the escape of the charge. r I Ids loi< j r in gicutest 
where the accumulation is greatest—that is to sa\, at the 
most pointed portions. It follows, therefore, that at 1 the 
portions of the conductor should be rounded, rxeepl tho u 
facing the glass disk, for hero we wish to facilitate tie* ll»*w 
of electricity between tho conductor and the g!a*s. 

Before using tho machine, a little amalgam of hot* ury 
and tin rubbed up with some tallow is smmrrd o\ < r the 
rubbers, as it is found that this greatly favors the pr^dm*- 
tion of electricity. When the handle in turned, and thu 
glass plate revolves, it becomes electrified p«>Mtwrh by 
friction against tho rubbers* The rubbers at the timii 

lose positive electricity, and to supply this, mmv j**« iinti 
electricity flows up into tho rubbers from the earth with 
which they are in connection, or, as we might *<f ieiu m 
say, the rubbers acquire negative tderfrieiiy, from fiTii»»n 
with the glass, and this (lows away into the earth, I«»r s ha 
I have previously pointed out, all we know m that what 
is called a flow of electricity is a flow of something v> hud*, 
in its motion, follows the laws of flow of a liquid, l*ui v hieh 
way it is flowing we do not know As the plan* imuA 
round, the positive electricity is brought iHltf' hi I 1 4 «$ 
points, being kept from escaping buck to tin- rubbi-i;. by 
means of silk coverings, which extern! from the rnl.h<i'« u> 
the points in the direction m which the pinto is turned, niul 
surrounding its edge. The positive eieetrieity on the jdutu, 
as the latter passes between the points, dn\ «•« the pofdiive 
electricity of the prime conductor to the further portion, and 
therefore leaves the points and the iwrtion of the conductor 
in their neighborhood with a deficiency of jioattivn electric 
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ity, or, as we may say, electrifies them nogativoly. There 
will therefore be a force acting upon the electricity on the 
points, tending to drive the negative electrification outward 
from the points toward the glass, or, in other words, tending 
to draw positive electricity away from the glass plate on to 
the points of the conductor. The portion of the glass plate 
opposite the points thus loses the greater portion of its 
charge. In passing through the second pair of rnblient, it 
again Imcomos charged as Indore, and this charge is deliv¬ 
ered up to the second set of points. This process continues 
until the potential of the conductor is so nearly equal to 
that of the plate thpt the force between the two becomes 
too small to cause any further transfer of electricity. If, 
however, some outlet is provided for the electricity which 
accumulates upon the prime conductor, tins nation may he 
continued indefinitely, a stream of electricity being kept 
flowing from the plate through the prime conductor hack 
to the rubber. If the prime conductor in connected di¬ 
rectly with the rubber by means of a wire or other con¬ 
ductor, the arrangement may he represented, ueeording to 
the water analogy which I have previously used, by means 
of an endlesH tube, at one point of which a pump is placed, 
maintaining a continuous circulation of water through the 
tube. If the prime conductor and the rubber are both 
connected to the earth, the only difference in the analogy 
will be that wo must cut the tulw at a certain point, and 
connect its two ends with » reservoir of water, when it is 
dear that the quantity of water drawn in at one end of the 
tube, in a given interval of time, will be exactly equal 
to the quantity expelled at the other end. 
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Influence Machines 

The action of the influence machine may 1m moot ©wily 
understood by considering it in the following simpliflml 
form. Suppose we have two tin cjuih, which wo will call 
A and B, supported upon insulating stands, and lot a small 
charge of positivo electricity bo given to the can A. N«*w, 
suppose we have a brass ball, which I will call 0, insulated 
by being attachod to a handle of glaHs or elxmito. Let tho 
ball 0 be held by this insulating handle close to the outside 
of A without touching it. While in this position lot tlm 
ball 0 bo connected with tho earth by touc.hing it momen¬ 
tarily with the flngor. Now remove the hall by its insulat¬ 
ing handle, and bring it into contact with the inside of It, 
near the bottom. Tho ball C, being almost completely »ttr- 
rounded by the can B, will give up its eleotrillcnfion almost 
entirely to B, so that B will become negatively eh-eintied, 
while the ball will become neutral. Now, hold ti e In*1 tj 
outside and close to tho vessel B, urni toueh it f* >r a moment 
as before. It will then become positively charged 1 .y tho 
negative charge on B. Touch the inside of A with it, m-ar 
the bottom, and it will give up its charge alumni entire! *, to 
A, thus increasing tho positive charge of A. This it»«r« m«*d 
charge is then used in tho name manner as the origins! one, 
to electrify 0 negatively, and the charge on A bring in¬ 
creased, the negative charge on C will be greater than 
before. This is given up to B just as before, mid tint 
increased negative ohargo of B is then used to develop, 
by induction, an increased positive charge on 0, which m 
transferred again to A. Continuing this process, tlm dif¬ 
ference of potential between A and B may be increased to 
such an extent that if they are brought close together * 
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spark will pass from am to th© other. The iiifliioura mu. 
chine simply consists of an arrangement for carrying out a 
similar series of operation# in rapid mic^oHmon, A revolv¬ 
ing carrier, or scries of carriers, is used, together with nn 
inductor, or series of inductors, between which and 11 * * % ear- 
rier a certain small difference of potential must ho o\eiird 
in order that the machine may start. The camera m they 
pass the inductors urn electrified by induction, and when 
passing out of the sphere of influence of the inductor they 
art? touched by a spring connected with a collector, winch 
in its turn nets nn nn induet*u\ and in this way a vrty email 
initial difference of potential can be rapidly mummed to a 
eonsiderfiblo extent With the ohler fornix of inlliieiirii 
machines it was necessnrv to hr^iii hv elecinfvn g uii*> of 
the inductors, ftiflutmee machines, however, are nmv made 
which tire able to exoito thenmelves without e*» lemal **/.*m* 
aneo by moans of the mfhdtt**i»iuit difference of potent ud 
which invariably exists Istlwmi the inductors, mot which 
IS sufficient to begin the set ies of opet at h»m«. The fouirf 
may he uc.tjtiaintcd with ClarLr’e eh • fric y.i -IThmr t wl mh 
C<uisrnla, to «mtwar*l appealance, of a tint dhh m*nw two «»r 
thtee iliciit-4 in diameter, front Oppo, lie n\A> s of the »b a* 
of which prujorf* on «m«* ride a handle , and on the other 
II tube of it 11 \ derured length, containing a j air of motb*ird 
wires, t ltt % end' 4 of which ruinti ch w together without, foimfo 
ing, just within the further end of the tub.* To hebt ih^ 
gaa with the tint fitment the further end <4 the tube ;* |,*d4 
in the ym jet, and a small projection in die « dgr «d the d.*k 
is pressed smartly dow n t upon w loch Hmiieihing in heard to 
be spinning rnpidh ■ tushie the di*l*, mid up %t\$ nfit #«vii t«i 
P?mh IwUwt en the two wires ]«??! within the end of (It# tiiln*. 
This h mmjdy it ttftiiill influence vtmcbiit* of tl# kind *!#• 
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scribed, the mechanical arrangement being such that on 
pressing the button on the edge of the disk the revolving 
portion is set in rapid motion. The Wimshurst machine, 
so called from the name of its inventor, is another exam¬ 
ple of influence machines. It oonsists in its simplest form 
of a pair of glass disks, mounted upon a common axle, e!o.;o 
together, but without touching each other, in such a way 

that they can be made to rovolvo rapidly in opposite dir. 

tions. Strips of tin-foil aro pasted radially on the outside 
surfaces of the glass, and inotnllio collecting brushes are 
made to press against the revolving pieces of tin-foil ns they 
pass certain fixod positions. Largo machines of this kind are 
capable of imitating the effects of a thunder .storm upon » 
small scale, giving sparks several foot in length am! follow¬ 
ing in rapid succession. In a dark room these seri-s of 
sparks exactly reproduce the appearance of forked-lightning 
on a small scale. Small influence machines, somewhat simi¬ 
lar to those used for gas-lighting, aro employed fur igniting 
blasting charges in mines. 

Magneto and Dynamo Machines 

These machines all dopond upon the principle that elec- 
trie currents are induced in conductors which are moving 
in the neighborhood of magnets, or more generally, which 
are moving in a field of magnetic force, which may tx< dim 
to the presence of either permanent or eleetro-magm-tt. 
Dynamos are now always employed when powerful eic-tim 
currents are required for commercial purposes, such as for 
electric lighting or electro-plating. It is necessary, there 
fore, in order to understand many of the most important 
applications of electricity to commercial and domestic pur¬ 
poses, to obtain something more than a mere vague, genum! 
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idea of the construction and action of a dynamo; and as the 
subject must be treated in some detail in order to make it 
intelligible, 1 shall devote a separate chapter to it I there¬ 
fore pass on to the consideration of 

Ualoanic or Voltaic Batteries 

These are used for the purposes of telegraphy and te¬ 
lephony, and for many others in which only comparatively 
small currents of electricity are required. A galvanic or 
voltaic cell consists essentially of two different metals im¬ 
mersed in some substance, generally a liquid, composed of 
two or more chemical elements, one at least of which tends 
to combine with one or other of the two metals, or with one 
more than with the other. When the two metals are elec¬ 
trically connected outside the liquid, the circuit is said to he 
closed; when they are not so connected, the circuit is said 
to be open. If the connecting wire is cut, its ends are called 
electrodes, the free end of the wire connected with the plate 
from which the current is flowing through the connecting 
wire being called the positive elrrtrode, and the free, riel of 
the other wire being railed the negative electrode. A very 
simple form of cell consists of n plate of zinc and a plate of 
copper partly immersed in sulphuric acid, ft will generally 
bo found, even if there is no electrical contact between the 
mm and copper, except through the liquid, that the lino 
will dissolve slowly in the acid, giving off bubbles of gim 
at different parts of its surface; but if the zinc and eopjmr 
are etmneeied by a wire, the action will lie found to moreane 
considerably. The oxygen set frees by the deeompositiou of 
the sulphuric arid is given off at the zinc plate, while the 
hydrogen is given off at the copper plaits This process is 
affected in the following manner; Sulphuric acid consists 



60 


ELECTRICITY IN MODERN LIFE 

of two atoms of hydrogen in combination with rm atom of 
sulphur and four atoms of oxygon, ami is therefore iv|.re¬ 
sented by the formula 11, SO,. The molecules of arid am 
continually being broken up, ehieiiy, them is masnu to 
believe, into the groups IT,, and SO,. When tin- .•hvtrmul 
potential of the liquid is the same throughout. them pr-mp* 
recombine, as fast as they are broken up, to form fm h 
molecules of II, SO,; but when a difference of potential 
is maintained between different portions of the liquid, tlm 
molecules of hydrogen move from plaees of higher to place.* 
of lower potential, just as if they curried a positive charge 
of electricity; while tho groups of SO, travel in the oppo. 
site direction, as though their electrification wen* icgatne. 
Thus, though tho two constituents eoutinua!ly form fn- h 
molecules during tho journey, only to be again bn*!.mi up, 
there is, on tho whole, a continual Hew of hydrogen in one 
direction, and of SO, in the other. The hydrogen i-i given 
off at tho co2>l>or 2>htte; while the SO,, on arriving at the 
zinc plato, whore there is no free hydrogen to eeiubum with 
it, takes the hydrogen from a moloettlo of water (11,0). and 
leaves the oxygen free. The chemical action whieli g... ^ ,,n 
before tho circuit is closed contributes nothing toward the 
current of electricity, and is known ns local action. It is 
caused chiefly hy impurities in the zinc, and may be nine. >t 
entirely obviated by amalgamating the zinc, with uiermm. 

The manner in which the I'l.M.S. is produe.-d in a 
galvanic cell is still an open question mining electricians, 
but the consideration of tho following experimental facta 
will help tho reader to attain a general understanding of 
the action of a coll: 

■ (1) If a piece of copper is jilaced in contact with a piece 
of zinc a difference of potential will be produced at the 
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point of contact, the zinc becoming positively electrified 

and the copper negatively, so that the potential of the zinc 
is higher than that of the copper. The charges bo produced 
are always very small. 

(2) If either the copper or zinc is immersed alone in the 
dilute sulphuric acid a difference of potential will be produced 
between the metal and the liquid; bu.t if the two metals are 
immersed side by side into the liquid then no electrifica¬ 
tion can be detected, so that all three must be at the same 
potential. 

(B) If a piece of copper is now joined to the zinc, the 
copper, being in contact with the zinc, will become nega¬ 
tive, and the zinc positive, while the liquid and the copper 
immersed in it will still have the same potential as the. zinc 
—that is, they will be positive. Now, suppose the piece of 
copper attached to the zinc to be bent round and connected 
with the copper plate of the cell, then the action of the liquid 
is continually to do away with the difference of potential 
caused by the contact of copper and zinc, and this requires 
a flow of electricity from zinc to copper within the, liquid, 
ami therefore from copper to zinc in the connecting wire. 

When a series of galvanic cells is so arranged that the 
zinc, of each cell is connected with the copper of the next 
cell, the arrangement is called a galvanic battery, or voltaic 
battery. If each coll is made of similar materials, the differ¬ 
ence of potential, or electro-motive force, of the battery will 
be equal to the product of the electro-motive force of on© 
cell by the number of cells. 

If a cell of the simple kind already described is em¬ 
ployed, or a battery of such cells, for producing an ©lootrio 
current, after a short time a number of small bubbles of gas 
will be observed to bo adhering to the copper plates within 
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the liquid, and at the samo time it will he found that the 
E.M.F. of the battery has lieeomo very much loss than it 
was at first. It can ho shown that this is due to ait R M. R 
opposite in direction to that of the battery being set up 
between the bubbles and tho copper. 

This phenomenon is known by the name of polurirntion, 
andtheE.M.F. duo to it is culled the K.M.R of p"l:m,-.a- 
tion. The polarization of a cell may be diminished by any 
means which will causo tho bubbles to rise to tho wn fmm 
instead of remaining adhoring to the copper as, he e'.am¬ 
ple, by stirring tho liquid, or by blowing air through it. If 
the surface of tho copper is roughened the gas will eo!l.<-t 
chiefly at the projecting portions, and therefore tie* bubbles 
will attain a size sufficient to rise to the surfuee mueh .*.> nun r 
than if the surface were smooth. With the object of obtain¬ 
ing a rough surface of this kind, Smee devised a eel! « bieli 
differed from tho tyjueal form described only in tho f.n-t 
that the plates of copper were replaced by plates of aih er 
covered with a coat of platinum in a very tiim state of .liv i- 
sion. These plates give off tho bubbles very fn-i ly, but 
still the remedy is only a partial one, and the K. M. R of the 
battery is found to fall considerably after it has be.m in 
action for a few minutes. 

A much more efficient meatiR of overcoming pobu i/ation 
is to omploy, as tho liquid summuding the plate at whieh 
hydrogen is sot free, a solution containing some highly 
oxidizing substance. Tho hydrogen as it is set five will 
then, instead of forming into bubbles, unite with the i.xygm 
of this substance to form water. These substances, however, 
cannot be employed in a zinc copper cell, us the enpper 
would he dissolved in them, and some of them would also 
attack tho zino as soon as tho circuit was broken. This 
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difficulty was overcome l>y Poggendorff, who devised the 
“Bichromate” cell, consisting of plates of carbon and zinc 
immersed in a solution of bichromate of potash, to which 
a small quantity of sulphuric acid has boon added. This 
solution begins to dissolve the zinc as soon as the circuit is 
broken, and therefore arrangements have to be made for 
lifting the zinc out of the solution. Nitric acid is a highly 
oxidizing substance, and very suitable as a liquid in which 
to immerse the positive plate; but it will not do to have the 
zinc immersed in nitric acid, as the action of the acid on 
the zinc, as soon as the circuit is broken would be exceed¬ 
ingly rapid. Bunsen therefore devised a cell, in which the 
positive plate is formed of carbon immersed in strong nitric 
acid. The acid is placed in a porous pot, and this porous 
pot is itself placed in a vessel containing a zinc plate and 
dilute sulphuric acid. This porous pot allows tins liquid to 
pass into its pores, so that the products of the chemical 
decomposition going on in the cell can pass through it under 
the influence of but if the liquids inside and outside 

the porous coll respectively air at the same level, ordinary 
mixture of the liquids will only take place exceedingly 
slowly. The Bunsen cell is a very good one where a strong 
current is required, but it is necessary after using it to soak 
the carbons for some hours in water to get rid of the nitric 
acid which they have absorbed. In a cell devised by Mr. 
Justice drove, and therefore known as the Grove cell, the 
carbon is replaced by a sheet of platinum, which can Im 
washed much more easily. After using either of these cells 
the solutions must he poured out, as otherwise gradual mix¬ 
ture of the two will take place. Neither of them is pleammt 
to um in n room, as they give off an exceedingly pungent 
gw known its nitrous oxide* 
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The polarization difficulty has been overcome in another 
way in the Daniell cell, which consists of a zinc roil or plato, 
immersed in sulphuric acid, and a copper plate immersed m 
a saturated solution of sulphate of copper The solutions 
are separated by a porous division, one of them being 
usually contained in a porous pot immersed in the other. 
In this cell the hydrogen, set free as the zinc dissolve- in 
the acid, passes through the porous division into the solu¬ 
tion of sulphate of copper, which it decomposes, forming 
sulphuric acid, and depositing a layer of copper upon tlm 
copperplate. The strength of the solution is kept up by 
placing some crystals of the salt in it, which dissolve an ia.-t 
as the copper is deposited, so that the solution of sulphate of 
copper is maintained at the point of saturat ion. 

Another battery which must he mentioned, as it i- «• \ ti n- 
sively used for telegraphic and telephonic purposes, am! a bo 
for ringing electric bells, is the Leclam-hd cell. Tin.- cell 
consists of a vessel containing a solution of wilanuuonme, 
in which arc immersed a zinc, rod or plate, and u porous p ... 
packed with lumps of carbon and powdered bim.M.i, «,f 
manganese. The zinc dissolves in the salamtuonme, ami 
hubbies of hydrogonare formed on the carbon plate; a.» that 
if the circuit is kopt closed for any length of tune, the 
E.M.F. will be found to fall considerably. This allot dn 
an explanation of a fact which may probably have been 
noticed by many of my readers, that an electric bell, worked, 
as is usually the case, by moans of one or mote of these 
cells, will soon cease ringing if the button is kept proved 
down, and will sometimes fail to act if it has l**m rung a 
good many timos in rapid succession. Whim the battery 
is left' to itself for a short time the oxygen from the oxide of 
manganese gradually combines with the hydrogen bubbles 
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to form water, and in this way the E. M. F. of the "battery h 
restored to its original value. 

Batteries like the Grove or the Bunsen are very suitable 
for maintaining an electric light for an hour or two foi 
experimental purposes, and a bichromate battery will dc 
very well for the sumo purpose if the light is only required 
for a still shorter time—as, for example, to supply currenl 
for a lamp to stand at the bedside to observe the time Ivy 
the clock during the night—the battery being brought ink 
action when required by pressing down a rod which im¬ 
merses the zinc in the solution, a spring lifting it again at 
soon as the pressure is removed. Small incandescent lamps 
supplied with current from a bichromate cell are often sold 
m reading lamps, but after burning from half an hour to twe 
or three hours, according to the size of the cell, they will 
gradually become dim ami ultimately cense to glow alto¬ 
gether, when the battery must be refilled with fresh solution. 
It is impossible commercially to supply the electric light by 
means of any form of galvanic battery, or primary battery, 
at present known to us, for the simple reason that in them 
batteries the energy is obtained from the consumption o; 
zinc or other material, which costs many times more that 
coal. The object in using a dynamo instead of a battery t< 
supply the current is, that instead of having to burn at 
expensive fuel, mush as zinc, to obtain energy, it can la 
obtained by bunting the cheaper fuel, coal; and thong} 
a considerable amount of the energy obtained from the eoa 
is lust, first in the process of transforming heat into metdumi 
ml work in the steam engine, and secondly in the transfer 
mation of mechanical into electrical energy in the dynamo 
still the difference between the cost of coal and that of &in< 
is m great that Urn cost of producing electricity on a litrgi 
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scale by means of a dynamo is many tinu-H less than it would 
be if any form of primary battery were used. 


CIIAl’TKIi Vr 

MAO N K T I 0 K 1 K I. I* S 

A S there will be frequent occasion in this aid the fol¬ 
lowing chapters to make use of the term ** Mm-m-tm 
Field,” it will bo important for the reader t.> obtain 
an exact conception of its meaning. 

A Magnetic Field may be defined as a repum within 
which magnetic force acts—that is to say, it. is a rveit.n 
of such a kind that if a magnet is introduced into it, it will 
be subject to the action of certain form's in virtue of its mag¬ 
netism; and if a magnetic substance is introdueed into such 
a region it will become magnetized— that is to say, it v, ill 
acquire magnetic properties. A clearer idea of what is 
meant by a magnetic field, or a field of magnetic force, will 
perhaps be obtained by supplementing this definition 1*\ tin* 
consideration of some field of force of a more familiar char¬ 
acter than magnetic force. Consider, for example, what 
happens when a comet is moving through space in tlm 
neighborhood of the solar system. 

The comet would lie attracted by the sun, and if it were 
originally at rest, and the sun were the only other Ixtdy tit 
the universe, the comet would be drawn directly toward it, 
and the force tending to draw the two bodies together would 
increase, as they approached each other, at such it rata that 
when the distance between the sun and the comet was 
halved the force would amount to four times it* original 
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value; when the distance was diminished to one-third of its 
original amount, the fore© of attraction would be nine times 
as great as at first; when the distance was diminished to 
one-fourth, the attraction would be sixteen times as great, 
and so on. In other words, the attraction between the two 
bodies would be inversely proportional to the square of 
the distance between them. Considering then merely the 
motion of the comet in obedience to the force acting upon 
it, it may he regarded as moving in a field of force of such 
a character that the intensity of the force is the same at all 
points of any spherical surface described with the centre 
of the sun as its centre, while the direction of the force is 
always along the ratlins. This field of force maybe mapped 
out in such a way as to exhibit at a glance the magnitude 
ami direction of the force exerted upon the comet at any 
point. 

Describe a number of spherical surfaces, each having the 
win as eentre, and therefore lying one within the other, and 
let the distance between any sphere and the one immediately 
outside it be raleulilted from the law of attraction in such 
a way that the force always diminishes by the same amount 
in passing from any one sphere to the next outside it. 

If these spheres are drawn close enough, the whole region 
will then be mapped out in such a way that the ratio of the 
rate of change of the force aiding on the comet at any point 
of its path, to that at any other point, will he the same m 
tin' ratio of thi! distance between the two adjacent spheres 
inclosing the first point, to the distance between the two 
adjacent spheres which inclose the second point 

The direction of the force at any point will be along the 
line joining that point to the common centre of the spheres, 
that i# to the centre of the sun, and it will therefore always 
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be perpendicular to the surface of the sphere passing through 
the point. Such a line, which represents the direction of 
the force acting on the comet at any point, is called a hue 
of force; and each sphere, being a surface everywhere 
perpendicular to the direction of tho^force, is culled a level 
surface. 

It, is clear that in the present case the distance betw.m 
two adjacent spherical surfaces, at such a small distance 
apart relatively to their distance from the common cent to 
that the difference between these distances may he neglected, 
will be inversely proportional to their common distance I mm 
the centre of tho field of force. The field will therefore he 
completely defined by the statements— 

(1) That the level surfaces nro spheres with tins centre of 
the sun as their common centre. 

(2) That tho distance between any two adjacent spheres 
is inversely proportional to tho distance of their surfaces 
from the centre. 

It will be convenient, for the purpose of applying theso 
considerations to magnetic fields, to define tlm fields by 
means of wbat arc called unit tubes of force instead of 
by the level surfaces. 

Imagine a small closed curvo to bo drawn on one of tlm 
spheres, and let tho force across the small area inedosed by 
the curve be taken as tho unit of force, then all the lutes 
of force passing through tho boundary of this small area will 
form a tube, which is called a unit tubo of fores. In tho 
case of the field of gravitation foroo duo to tho sun, them 
tubes will clearly he coneshaving their vertices at tho centre 
of the sun, and it could easily he Bhown mathematical ly 
that the force of attraction on a unit mass placed anywhere 
in the field of force would be inversely proportional to tho 
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area of the section of the tube made by the level surface 
through the point 

Any portion of the field of force will thus be fully defined 
by the unit tubes of force drawn in this maimer, for the 
direction of the line of force at any point gives the direction 
of the force, while tin number of unit tubes passing through 
unit area on the level surface through the point may be 
taken as a measure of the intensity of the force. So far the 
comet lias been supposed to be acted on only by the force 
of attraction of the sum This, however, is not really the 
case, for every planet and satellite of the solar system is at 
the sumo time attracting the comet toward itself with a force 
proportional to its mass, and inversely proportional to the 
square of its distance from the comet 

Now, according to the experimentally observed laws of 
motion discovered and enunciated by Sir Isaac Newton, the 
force exerted by each body m independent of the forces 
exerted by the others, and therefore it becomes a mere 
question of mathematical calculation to map out the field 
of foree in whieh the eoisiet is netuully mo\ ing. 

Such a field may, as before, be defined by means of its 
level surfaces, or by means of its umt tubes of force; but 
the le\ el surfaces will no longer be spheres, amt the lines of 
force will no longer be straight lines. Now, just as tin? field 
of forest) in which the contest is moving hast been mapped out, 
so wo may map out a field of magnetic force; ami it was first 
in connection with tliu mapping out of magnetic fields that 
Fiiriiilny introduced the idem of lines of force, and the 
method of mapping out a field of force by their means. It 
seemed, however, to mu that it would Im easier to approach 
tlm subject through the butter known case of gravitation 
force. 
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A very simple means of studying magnetic fields experb 
mentally is to place a sheet of still paper or cardboard in tho 
portion of the field in which we wish to know the distribu¬ 
tion of magnetic force, and to dust it over with iron filings 
when the filings will arrange themselves along the lines of 
force. It will be of interest to illustrate this by considering 
a few simple cases, 

let the magnetic field be that duo to a single magnetic 



Pro. 1 


pole. This may be practically obtained by holding * long 
narrow bar magnet vertically under tho cardboard, with ono 
end m contact with its under surface, and then dusting tho 
mings upon the upper surface, tapping tho card slightly 
during the process. The further polo of tho magnet will 1*, 
so far from the card that it will not produce any sensible 
effect, so that the field will be practically that duo to tho 
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The filings will then arrange themselves in a series of 
lines radiating from a common centre immediately over 
the pole of the magnet in contact with the cardboard, as 
shown in Fig. 1. In this way, of course, we only obtain a 
representation of a section of the field of force. If we could 
obtain a single separate magnetic pole—which, as a matter 
of fact, is impossible—the magnetic field surrounding it 
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would be of a character exactly similar to the field of force 
surrounding a sphere of gravitating matter, as in the case 
of tin' sun previously considered. 

If the bar magnet is held heri/amtally under the card* 
board so ns to touch along its whole length, the filings will 
arrange themselves as shown in Fig 2, winch there re pro* 
aunt* a section, through the line joining the poke, of the 
field of force duo to a pair of opposite poles. 


62 electricity in modern life 

The actual form of the lines of force in the space sur¬ 
rounding the poles of a magnetized hnr is shown m h ig. 3. 

The lie hi of fotve sur¬ 
rounding an elretrie runvnt 
may he exhibited iu a ^ 1 uii- 
lar manner. Tlnm hore a 
hole through a ph*ee ,»f 
KiG.fi cardboard and j*asM a wire 

which carries a current up through the hole, allow mg it 
to stand at right angles to the card. 'Hut iron liimps will 
then arrange themselves in a series of circles, having this 
hole as their common centre, as shown in hig. 4. i ho level 
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surfaces, being perpendicular to tho lines of force, evi¬ 
dently consist, in this ease, of a series of planes jmssing 
through the straight wire. 

In the case of tho field of gravitation force in which 
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a oornot was moving, considered at the beginning of the 
chapter, the direction of the force at any point would be 
that in which the comet would move if it were placed at that 
point without any motion being given to it other than 
that due to the gravitation force. 

In the ease of a magnetic field, a north polo and a south 
polo tend to move in opposite directions along a line of force, 
ami we select m the positive direction of a line of force, or 
the direction of the magnetic force at a point, that direction 
in which a north pole would move if unconstrained. The 
reason that the iron filings arrange themselves along the 
lines of force in that they become magnetized with their axes 
in the direction of their greatest length, and equal and 
opposite forces acting upon their opposite poles set them 
along the lines of force; just m when two strings are tied 
to the end of a stick and pulled in opposite directions the 
stick will set itself in a straight line with the pair of strings* 

It is evident, from inspection of Fig. 4, that if one of 
the poles of the magnet could \m separated from the other, 
it might be Hindi* to rotate continuously round a wir * carry¬ 
ing an elertrio current; and though it is impossible to do 
this, the truth of the statement can, notwithstanding, be 
demonstrated in several ways. 

Perhaps the simplest of these is to place a magnet, 
formed out of a long, thin, flexible steel wire, parallel 
and close to ti wire carrying a current, when it will be found 
that the two polos will rotate round the wire in opposite 
directions, twisting the magnet round the wire. 

It m eh*ar, then, that tin electric current is surrounded by 
a series of what may be called ** magnetic whirls , 11 and there¬ 
fore it becomes easier to sen the possibility of an ©leetrlo 
mmm% being act up in a wire moved aerosa the lines of 
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force of a magnetic field, as Faraday found to hv the :use. 
For both magnets and conductors carrying runvnN give rise 
to actions going on in the medium surrounding them of such 
a kind as might be imagined to urine from a rotation of por¬ 
tions of the medium; and therefore when a wire is nn»\e«l 
across the lines of force magnetic whirls are up round 
the wire, involving the existence of what is called a eurrent 
of electricity. 

Faraday found that the E.M.R excited in a mndm*t«>r 
by moving it across the lines of force was in the dim-thm at 
right angles to that of the motion and to the direetinn <»f the 
lines of force, and the direction of its action was pm*n 
by the rule that if wo suppose a man swimming in I hr emo 
ductor to turn so as to look along the line of Riv.- in the 
positive direction, while the conductor tmnrs toward his 
right hand, he will bo swimming with the current indm-rd 
by the motion. The amount of the R M, Ih Faraday 
found to he proportional to the number of unit ftihrs 
of force cut per second, and therefore proporfhmn] to 
the intensity of the Hold and to the length and vrhubty 
of the conductor. 

From what has just been stated as to the tiirrei ion of 

the E.M.F. excited in a conductor when it moves nvrmm the 
lines of force, it follows that if a closed circuit, such ns a 
circle of wire, he moved across them, the passage of a unit 
tube of force from tho inside to this outside of tlm area in* 
closed by the circuit will produce an E M R c,|ttai and 
opposite to that duo to the passage of a unit tube from tho 
outside to the inside. Tho current round tho circle will 
therefore be proportional to tho rate of increase or deeretum 
in the number of unit tubes enveloped by the circuit* 

Instead of moving a conducting circuit in % magnetic field 
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in such a manner as to vary the number of tubes of force 
enveloped by it, tins variation may be effected by varying 
the magnetic field wliilo the conductor remains stationary. 
Tims if a magnetic field is made to grow around a straight 
wire forming a portion of a conducting circuit, by starting 
a current in a second circuit, part of which is parallel and 
close to the straight wire, it will give rise to an induced 
current in the latter In the opposite direction to that of the 
inducing current, and continuing as long as the Inducing 
current continues to increase—that is to say, as long as the 
magnetic Held continues to grow. When the inducing cur* 
rent assumes a steady value the variation in the magnetic 
field, and therefore also the induced current, will cease. 
If the inducing current is now allowed to die away the 
magnetic Held will also begin to die away, giving rise to an 
induced current in the straight wire in an opposite direction 
to that of the former one, and lasting until the Inducing 
current has completely ceased. 

If a current Is suddenly started in a straight wire a mag¬ 
netic Held will be made to gr«>w round it, and will give rise 
to an K.M H. opposed to that of the inducing current, the 
effect of which is to retard the increase of the primary cur¬ 
rent, if the primary current is allowed to die away, the 
resulting variation in the magnetic Held will give rise to an 
K 11. R in the direction of the primary current, the effect 
of which will lie to malm the current die away more slowly 
than it otherwise would. This phenomenon is known as 
aelbmduetiou. It is easy to see that the self induction 
of a straight wire of given dimensions would be greatly 
increased if it were wound into a coil, as this would bring 
tile different parts of the circuit much closer together, and 
would therefore greatly increase the mutual induction of the 
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different portions—that is to say, it would increase tin* self- 
induction of the circuit. 

It is possible to arrange a scries of magnets in such a 
manner as to make a magnetic field within a certain portion 
of which the magnetic force is everywhere equal and in the 
same direction. When this is the case the magnetic field 
is said to be uniform, and the lines of force arc all parallel, 
and the section of a unit tube hv a level surface is the same 
at every point. If any closed circuit is moved parallel to itself 
across the field, the number of unit tubes enveloped by tties 
circuit will therefore remain unchanged, so that no current 
will be produced; but if tbo circuit is Hindu to rotate, the 
number of unit tubes enveloped will vary, and therefore 
currents will be induced in it during the motion. 

Suppose, to take as simple a case as possible, that the 
circuit consists simply of a circle of wire. In order to fi\ 
the ideas, suppose that the lines of force are horizontal, 
and that tho positive direction—that is to say, flic direction 
of the magnetic forco—is from left to right. Let the circle 
be capable of rotation about a horizontal axis parsing 
through its centre, and perpendicular to tho lines of force. 

Let the circle be made to turn about this axis in the dir. 

tion of the hands of a watch, and consider what happens, 
starting with the circle in a horizontal position. In order 
to define the direction of tho current round tins circle, sup. 
pose a watch to be placed in it with its face in its plain', 
and directed toward tho observer in tho initial position. 
Applying Faraday's rule, it is then easily seen that during 
the first and last quarter revolutions tho current round the 
circle will he in the opposite direction to tho motion of 
the hands of the watch, and. in the same direction as that of 
the hands during the second and third quarter revolt 
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tiona. The reversal of the current will therefore take place 
each time that the plane of the circle passes through the 
position of parallelism with the lines of force. 

If, then, the circle is made to spin about a horizontal 
axis, it will bo traversed by a series of currents alternately 
in opposite directions, the change in direction taking place 
at each half revolution. 

An approximately uniform field may] be produced be¬ 
tween the poles of a magnet having its ends hollowed out 
to a suitable shape, and bent round so ns to bring them 
close together. 

A conductor such as has been described, but having its 
ends cut at a point on the axis of rotation, and connected 
with conducting wires to curry the currents produced 
wherever they are wanted, and arranged in such a manner 
m to be capable of rotating between the poles of a magnet, 
is nothing more nor less than a dynamo in its simplest 
ideal form. 

For some purposes—as, for example, for producing the 
electric light -the currents may either flow alternately in 
opposite directions or continuously in the same direction. 
For other purposes, however—such, for example, as electro¬ 
plating—it is necessary to have the current always in the 
same direction through the conducting wires or leads, 
m they are often called, and in that ease it is necessary 
to make use of some kind of arrangement which reverses 
the connections between the rotating conductor and the 
leads whenever the direction of the current in the rotating 
jwirtion is reversed—-that is to say, lit every half revolution. 
An arrangement of this kind is culled a commutator. 

Professor By Ivan ns P. Thompson, in his work on “By- 
mmo*Ml©etrie Machinery, M from which, by the kind per* 
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mission of the author and publisher, the illustrations in tliii 
and the following chapter have been taken, mints up the 
guiding principles which have to be* borne in mind in mm 
structing a dynamo, as follows—(i) Tin* tbdd mupiiria 
should be as strong as possible, ami their pole* a< i t or fa 
the armature as possible; (2) the armature slum Id hn\e tho 
greatest possible length of wire upon its ruih; (n) the wires 
of the armature coils should be as thiek ns |^ i»h% m to 
offer little resistance to the induced currents; ( 4 ) the speed 
of rotation should be as great as possible. 

These are by no means the only conditions which have 
to be considered in designing a satisfactory dyimnn*; but 
even when nothing further is taken into account, n h\ stem 
of give and take has to be adopted, m it is impo*sth!fj to 
carry out each of these conditions to the fullest gamblii 
extent in the same machine, and therefore it is mvi-mary 
to effect such a compromise as will give tho Utsi modi far 
the purpose in view. 
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CHAPTER VII 

KUCCTHICAL MEASUREMENT 

S O LONG as electricity romainotl merely a laboratory 
science very little attention was paid to electrical 
measurement, outside the small circle of great mathe¬ 
matical edeetneians who were engaged in studying electrical 
phenomena, and investigating the general laws to which 
they were subject, from a purely scientific point of view. 

For a long time after electricity had become more or 
less a subject of general interest, the attention of by far tho 
greater number, even of those who were engaged in teach¬ 
ing the subject, was mainly confined to the description of 
phenomena without regard to their quantitative relations. 

Text.*books of not many years ago scarcely even touched 
upon those quantitative relations, although the fundamental 
principles of electrical measurement had been fully worked 
out by Gauss, Weber, Sir William Thomson, and a few 
others. 

It was the application of electricity to practical purposes 
which changed all this; anil especially the rapid and com¬ 
paratively recent development of electric lighting, and of the 
application of electricity to tho distribution of power. 

An electrical engineer requires to know not only whether 
a current will he produced under certain ctrmi instances, but 
also tint exact elTecst of each one of these oirtmmHt&noos, so 
that ho may l m able to determine tho conditions most favor* 
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able to its economical production, and design Inn apparatus 
and system of distribution accordingly. 

It is not sufficient for him to know that a smaller pro¬ 
portion of energy is wasted in tho form of heat when the 
current is carried by a copper conductor than if an iron 
conductor of tho same dimensions wore employed. lie 
wants to know exactly how much one is holtor than tho 
other, so that ho may ho ahlo to decide whether it is more 
advantageous to incur tho increased expense of copper con¬ 
ductors in order to save tho waste of energy, or whether 
the increase in cost would more than counterbalance the 
saving effected in tho motive,-power. 

If the balance of advantage min favor of copper - tn it 
invariably is, for example, in the case of the conductor* 
which carry the currents for electric lighting- - he haw to 
determine the most economical dimensions of the conductors 
to be employed in carrying the current required. 

This is a problem which has to he determined almost 
daily in the caso of laying down electric light cables, which 
are now spreading so rapidly even in Ismdon. These re¬ 
quirements of the practical engineer, which began to make 
themselves sensibly felt when submarine telegraphy tirwt 
became a realized fact, afforded a most powerful stimulus 
to the development both of a system of electrical measure¬ 
ment and of tho means for practically carrying it out. 

If the development of tho system itself had been entirely 
in the hands of tho mathematical electricians, and had been 
uninfluenced by practical considerations, it would have de¬ 
veloped much more slowly; and would probably, to some 
extent at any rate, have failed to fulfil the requirement*! 
of the practical engineer. 

If, on the other hand, it had been developed by mea 
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acquainted only with the practical side of the question, 
unaided by scientific theory, it would never have been so 
simple and convenient, even for practical purposes, as that 
now in use. It would, in fact, have borne the same relation 
to the actually existing system that our English system of 
Weights and Measures does to that which was developed 
by scientific men in France, which, in addition to being 
ono of the greatest boons to the population of the country 
in which it took its rise, has boon found so greatly superior 
to any system developed without the aid of sciontifie knowl¬ 
edge that it has been universally adopted for the purpose of 
scientific measurements, and has been made the basis of the 
practical system of electrical measurement. 

The British Association Committee, with Sir William 
Thomson as its guiding spirit, played the most important 
part in the development of this system, which is now in use 
by electrical engineers of every nationality, and in every 
part of tho world where electricity is employed for practical 
purposes. 

The foundation of the science of electrical measurement 
was really laid by the investigations of Cavendish about tho 
middle of the last century, in which he showed that the ob¬ 
served fact that a hollow electrical globe does not com¬ 
municate any portion of its charge to a small globe In 
communication with and inclosed within it, leads by strict 
mathematical reasoning to tho conclusion that the attraction 
between two small oleotrieally-eharged bodies is inversely 
proportional to the square of the distance between them. 
Until Professor Clark-Maxwell in 1871) edited Cavendish’s 
unpublished papers the French physicist Coulomb had gen¬ 
erally been credited witli this discovery, as Cavendish, 

though he communicated some of his preliminary results 

StUMMOfi-—Y ul. XIII—4 
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to the Royal Society in 1771, never published his definite 
proof of tho law. 

Cavendish’s prior discovery does not in any way detract 
from the merit of Coulomb, who in tho year 187f> commu¬ 
nicated to the French Academy tho description of a series 
of experiments with his torsion balance, in which he hud 
directly demonstrated tho law of inverse squares both b>r 
electrical action and for the attraction amt repulsion be 
tween magnetic polos. Tho discoveries of Cavendish and 
Coulomb laid tho foundation of the theory of electrostatics 
and of magnetism respectively; and Oersted's discovery in 
1820 of tho mutual actions between electric currents and 
magnets formed the basis on which AmpiNre built up ins 
mathematical theory of electro-magnetism. 

It has been pointed out in Chuptor III. that these inves¬ 
tigations gave tho means of measuring electric currents by 
their actions on magnets and upon each other; and, indeed, 
Ampdrc was tho originator both of the idea and of the mime 
of the Galvanometer. 

In the same year in which Ainp&ro described this instru 
ment Schweigger modified Am^re’s original idea by wind¬ 
ing a wire into a coil, in the centre of which a magnetic 
needle was suspended, and indicated by its deflections tho 
direction and strength of the current traversing tho coil. 

In tho year 1837 Pouillet modified this instrument so 
as to make it capablo of exactly comparing tho strengths 
of two currents by means of tho respective deflections of ties 
needles, instead of the deflection only giving a general idea 
of the current strength. The “Sine" and “Tangent" gal¬ 
vanometers, invented by him, are still among tho instru¬ 
ments in most frequent use for laboratory measurements 
of electric ourrents. 
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In the year 1840 AmptWs investigation!! on tho mutual 
actions ol conductors carrying electric, currents lent Weber 
to the invention of the tdoofcro-dynamometer, an instrument 
in which an electric, current traverses in succession a fixed 
coil and a Hmall movable one suspended within it, and the 
strength of the current in determined by means of the deflec¬ 
tion of the smaller coil 

While advances were thus being made in the construe* 
tion of instruments for iiwj in electrical measurement, the 
theory of the subject win by no means standing still 

In tho year 1827 Ohm published n most important paper, 
in which he allowed that the strength of the current between 
any two points of a conductor is proportional to the electro* 
motive force between the two points, divided by a certain 
quantity depending only upon the dimensions and material 
of the conductor, which ha culled its “idectricul resistance. 11 

For Homo yemot after this, tdeatrioiiniH continued to billow 
Olinds example in ex propping tho of different 

portions of a circuit in terms of the resistance of u selected 
portion of it 

In the. year 18^7, however, I*«millet took the \ cry impor* 
taut step <if expressing all his measurements of resistance in 
terms of the resistance of distilled mercury, using m a stand* 
ard the resistance of a column of mercury of a immmrml 
length, contained in a glass tube, terminating in wide «mpi 
in order to allow of the necessary connections being made. 

In the year IHHB (itmm published a most important 
paper, in which ho described the theory and method of 
measuring the intensity of terrestrial magnetism and tit# 
strength of a magnetic, pule in absolute mensiirr —that is 
to say, in terms of units depending only on tlm unit* of 
space, time, and muss which were chosen* Tkos# adopted 
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by Mm were the millimetre, the second, and the midi- 
gramme. 

In 1851 and subsequent years Weber, who had been 
associated with Gauss in his magnetic measurements, devel¬ 
oped a definite system of electrical measurement expressed 
in terms of absoluto units, and founded upon Gauss’s ulmo. 
lute system of magnetic measurement. Tn a paper pub¬ 
lished by him in 1851 ho pointed out that, according to 
Ohm’s law, the resistance of a closed circuit is determined 
in terms of the E.M.F. and the current strength, and ho 
proceeded to define the unit of resistance as the resistance 
of a closed circuit, m which unit hi. M. F. produces a current 
of unit strength. 

He then went on to show that E.M.F. and current 
strength require for their expression in al mo Into measure 
only the determination of the strength of a magnetic p*>!e ( 
and of the intensity of terrestrial magnetism, both of whit h 
Gauss had shown how to determine. 

The advantages of Weber’s system were at. once tveog. 
nized by Sir W. Thomson, and in tho year lKt’,1 a Com¬ 
mittee of the British Association was appointed, at bis 
suggestion, for the consideration of standards of electrical 
resistance, and tho plan of work was subsequently ext. -tided 
so as to include the general question of electrical measure¬ 
ment. The committee thus formed requested the tn cope ra¬ 
tion of the principal British and foreign electricians, inelud¬ 
ing both purely scientific mon and practical engineers; and 
the final conclusion at which they arrived was to adopt a 
series of practical units obtained by taking convenient mul¬ 
tiples of the absolute units. Tho principal unit* required 
by practical engineers are those of quantity, of current, of 
resistance, and of potential or E.M.IT. 
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Now, Ohm’s law gives a relation between the last three 
of these, and the first two are very simply related; so it 
is sufficient to determine any two of them* It will greatly 
assist the reader in forming a conception of the quantitative 
relations which have to be considered hy electrical engineers 
to understand clearly how these units are obtained, and I 
shall therefore indicate very briefly the simple course of 
reasoning by which the units of current and resistance are 
expressed in terms of absolute units. 

Coulomb’s experiments had shown that the force acting 
between two magnetic poles is proportional to the product 
of their strengths divided by the square of the distance be¬ 
tween them; ami therefore, unless a useless factor is intro¬ 
duced, the force may he defined us equal to this expression; 
from which it will follow that the unit pole, or pole of unit 
strength, will be that which repels a similar pole at a dis¬ 
tance of one turntimetro, with a force of one dyne. 

Now, the forms exerted on a unit magnetic pole by m 

current whoso distance from it is constant.- that is to say, 

by a current flowing in a conductor in the form of a circular 
are described with the pole as centre is found to he pro¬ 
portional to the length of the arc divided by the square of 
this radius of the circle, and therefore this force on a mag¬ 
netic pole may be defined as fusing equal to the product 
of tlin length of the arc, the currant through it, and the 
strength of the pole, divided by the square of the radius; 
and it follows that the unit current must be defined as tit# 
current of which each omitimetre exerts a force of one <l,yn« 
on a unit magnetic pole at a distance of a centimetre. 

The unit of electric quantify is defined as the quantity 
6#nv«y©t 1 in one second by a current of unit strength. 

It is found that the work required to transfer * given 
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quantity of electricity from one point to another of a con¬ 
ductor is equal to the product of tho quantity transferred 
into the electro-motive forco between tho two points, and 
therefore the unit electro-motivo force is an cloetro-niotivo 
force, such that, if it is established between two points, an 
amount of work equal to one Erg will bo required to trans¬ 
fer the unit quantity of electricity from one to the other. 
The unit of resistance is then defined in accordance with 
Ohm’s law, which asserts that tho resistance between two 
points of a conductor is measured by tho ratio of the electro¬ 
motive force between thorn to tho current produced bv it.. 

The unit of resistance is therefore defined as the resist¬ 
ance of a conductor in which unit electro-motive force 
produces unit current. 

The units so obtained are not altogether of convenient 
magnitude for the expression of. tho electrical quantities 
which most commonly occur in practical work, some being 
too large and others too small. 

The practical importance of selecting units of suitable 
magnitude may easily be soen by considering what would 
be the result if, on tho ono hand, drapers were to use a mile 
as the unit of length in soiling silk to their retail customers; 
or if, on the other hand, tho dates of events, referred, as is 
usual, to the beginning of the Christian era, were stated m 
seconds instead of years. Tho result would be that in the 
first case the quantities of silk most commonly sold would 
have to be expressed by moans of decimal fractions of tho 
unit; while in the second illustration tho number of figures 
employed would be utterly unwieldy,, 

The units defined above, being based on the centimetre 
as a measure of length, the gramme as a measure of nuum, 
and the second as a measure of time, aro known as ceuti* 
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metre, gramme, second (usually denoted by their initial 
letters O.G.S.) units. 

The practical unit of electric current in defined as one- 
tenth of the O.G.S. unit of current, and in culled an AmptVc, 
after the great French electrician of that name. The unit 
of electro-motive force in called a Volt, after Volta, and in 
taken to he a hundred million 0.0.S. units. The unit of 
resistance, which m called the Ohm, in then defined an the 
resistance of a conductor through which tut electromotive 
force of one Volt will produce a current of one Ampere. 

It run he shown to follow from these definitions that the 
Ohm is equal to a thousand million 0.0.S. units. 

The unit of quantity is culled flic Coulomb, and m de¬ 
fined to he the quantity of electricity carried hy the unit 
current in a second. Its value is one-tenth of a 0.0 S. turn* 

These units came into general use, in Great Britain and 
her Colonies, during the years 1870 and 1871, through the 
influence of the British Association Committee, 

On the continent of Europe, however, the absolute sys¬ 
tem was not generally adopted for practical purposes until 
aftor the meeting of the Internutionnl Congress of Hire- 
trifians which was held in Paris in October, 1881, mlten 
it was decided that they should he adopted hy eleetrieums 
throughout the world. 

The proems of determining either the Volt or the Ohm 
in absolute measure is one of grent difficulty, and requiring 
the most elaborate precautions. The result of this was that 
at the time of the Paris Congress numerous discrepancies 
existed between the experimental determinations of various 
eminent electrieinns, and it was therefore decided to dcllnt 
provisionally a 11 Legal Ohm* 1 as the resistance of ii column 
of pure mercury 108 centimetres long, and having a sec* 
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tional area of one square centimetre, this length being the 
nearest whole number to the mean of the most reliable of 
the results obtained. The Yolt was therefore defined as the 
E.M.B. which maintains a current of an AinjuVo in a e<in¬ 
ductor whose resistance is a Legal Ohm. The Coulomb 
and Ampere retained their former dellnitioiiH. 

The unit of power employed by electrical engineers is 
defined electrically as the power developed in a circuit 
traversed by a current of ono Ampbro with a potential dif¬ 
ference at its terminals of one Volt. Thus unit, whieh is 
called a Watt, is equivalent to ten million Ergs per seeond. 
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CHAPTER VIII 

MAGNETO AN!) DYNAMO KLKOTKIO MACH IN KB 

W HEN Faraday had diHoovored that electric uurrtmta 
could 1h? produced by the motion of a nominator 
in a magnetic Hold, ha coiiHtrueted a machine by 
which a eontimumB current could be conveniently generated 
in thin manner. It eemninted of ti dink of copper twelve 
inehaa in diameter* and about one-fifth of an inch thick, 
fixed upon n brann axle, about which it wna made to rotate 
with !ta edge between the pole» of a large compound per¬ 
manent Htoe! magnet, formed by joining a number of ateel 
hnrMenhnc muguetH together, the poleu being about half an 
inch apart. 

Thu current wna Hindu to paaa through n pair of conduct* 
ing wire?! or lead**, out! of which wu# attached to n b mm 
io%lc t mid the other to n copper atrip* which rubbed agiiinut 
the edge of the dink between tin* {mica of ilia magnet. 

Faraday thou found that* if it gahauometer was included 
in tlm circuit with conducting wire,*, n permanent deflea, 
tion wan produced, of itit amount varying with tint **pml 
of rotation, and that it wan reversed when the direct ion of 
rotation win# reverianl. Thai waa the f|r*»t niiigii«%e#I<M)trio 
machine. It vnm followed by a number of devieen, in which 
©oils of wire wore made to rotate between the pokm of a 
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permanent steel magnet; or in which the magnet was mntlo 
to rotate, while the coils <>r wire remained fixed between tho 
revolving poles. 

Now, the use of steel magnets greatly restricted tho 
power of theso machines, for very largo Hteel magm-ts are, 
in the first place, costly to "build up, ami, in the second 
place, they gradually lose a considerable portion of their 
magnetism. 

In the year 18-15 Wheatstone and Cooke took out a patent 
for the use of electro-magnets instead of permanent steel 
magnets, and three years later Jacob Brett suggested that 
the current generated in the armature by the permanent 
magnetism of tho field magnets should he sent through 
a coil of wire surrounding tho latter, so as to increase their 
strength. 

This appears to ho tho first suggestion of the principle 
of the self-exciting dynamo. 

In 18(18 Wilde devised a machine in which an armature, 
consisting of coils of wire, was made to rotate betw ecu the 
poles of a large eleotro-magnot, which was excited by means 
of a separate small magneto-machine. 

The term ‘‘dynamo-electric machine'’ was first introduced 
by Dr. Werner Siemens in 1887 in describing to the B< rim 
Academy maolunea in which currents were induced in the 
coils of the rotating armature by means of electro magnets, 
which were themselves excited by the o it mm Is in the arma¬ 
ture. This term, in its shortened form of “dynamo,” is 
now employed for all electrical machines driven by mmdmn* 
ioal power, whether self-exciting or not, in which the 
current is generated by the motion of coils of wire in a 
magnetic field, or by the rotation of a magnetic Hold about 
coils of wire. Since this time the theory and practice of 
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dynamo construction have advanced with rapid stride**, and 

the various dynamos now in uao are so numerous tlmt they 
would require a volume very much larger than the present 
one for their description. 

An ideally simple dynamo is shown in the illustration 

(Fig. 5). 

It consists of a simple rectangular loop of wire rotating 
between the poles of ti large magnet, and therefore, as loin 
been pointed out before, in an approximately uniform 

magnetic field. 

When the loop is vertical, at* shown in the figure, it will 
be traversed from left to right by the maximum number 
of unit tubes of force; this 
number will diminish to 
Kero when the plane of 
the loop is homontid, and 
after another quarter revo* 
lutimi—tlmt is to say, after 
half a revolution from its 
original position -the bmp will again b*’ traversed by the 
maximum number of unit tubes of form?. Th**y will now 
pass through it in a direction opposite to their former direr* 
lion, owing to the luqevf i$f the loop with respect to the 
magnetic field having been revrr id, Starting from the poeb 
titm shown in the figure, the current* generated in the loop 
during the first half revolution mill be all in the mom dim* 
tion. During tint first quarter revolution tbr number of mat 
tubes * if force passing through the Io**p mull be diminishing, 
while, during the next quarter revolution, they will Im 
increasing, and picking through the b op in th#i opjMsdtti 
diree lion, so tluit the effort will be the same, Tflitfsf Will 
therefore Im a current in one direction round lint loop during 
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the first half revolution, and the opposite way round during 
the second half revolution. In order to send these current.-; 
through the conducting wires in the same direction, a com¬ 
mutator of the kind shown in Fig. (1 may he used, it 
consists of two nearly semicircular segments of metal tube 
mounted on a cylinder of hard wood or other convenient 
insulating substance. Each of these segments is connected 
with one end of the loop, and a couple* of strips of imtal 
are connected with the leads, and collect the current trom 
the armature by pressing against the split tube, as show n in 
tbe diagram. 

If the lines of force in the field were perfectly horizontal, 
these strips, or brushes, as they arc called, would have to 
be set so as to reverse the connections as the 
plane of the loop passed through the vertical 
position; but it is found in practice that the 
brushes must bo displaced slightly in the diive. 
tion of rotation of the armature. 

This displacement is culled the lead of the 
brushes, and there has boon considerable difb-rem-e of 
opinion as to why it is necessary. 

It is now known, however, that it is really due to the 
lines of force being turned into a slightly obliipio position 
by means of tbe currents in the armature. 

It is found that if a mass of iron is placed within the 
armature it will cause a large number of unit tulxm of force 
to thread through the loop, the tubes which would otherwise 
pass outside the armature being attracted, as it were, by tbe 
iron, and made to pass through its mass. 

When the field magnets are stationary and the armature 
is made to revolve, this mass of iron, or core, as it is called, 
should really be at rest, because if it rotates with the anna- 
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ture, currents will be induced within it, just as in the copper 
disk of Faraday’s machine, and these, while absorbing some 
of the energy from the driving machinery, will not con¬ 
tribute anything to the current in the circuit. 

ft is, however, easy to see that there would bo consider¬ 
able structural dinieuliies to be overcome in fixing a station¬ 
ary mass of iron within the revolving armature, and so it is 
usually made to revolve with the armature. Tn order to 
reduce as far as possible the currents induced in the core, 
and which art’s known as eddy currents, the cores are built 
up of thin sheets of iron, separated from one another by 
means of varnish, mica, asbestos paper, or other convenient 
insulating substance. 

In addition to the waste of energy caused by these eddy 
currents, they heat the core considerably, and therefore, 
oven independently of the waste of energy, solid iron cores 
are inadmissible, for the heating of the core which would 
ensue would not only increase the resistance 
of the armature coils, and therefore diminish 
the currents iudueed in them, but won 1<1 de¬ 
stroy the insulating material which separates 
the different turns of the noils. In practice the 
armature is never formed of a single loop, but 
of a coil, such, for example, ns is shown in Fig, 7, which 
exhibits a section id the original form of Siemens's shuttle* 
wound armature, consisting of a coil of wire wound upon 
mi iron core, Siemens's original magneto-machine! with an 
armature of this kind, ami permanent steel magnets, is 
shown in Fig. 8. This form of armature is still retained 
in small motors, but for larger machines it him linen entirely 
replaced by armatures in which the coils are wound upon 
a ring or drum of iron, and which are therefore known m 
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ring armatures and drum armatures respectively. Fig. 9 
shows a simple ring armature with a single coil. 

Now if a shuttle-won ml, or a single ring-armature with 



one coil, is employed, with a split tube commutator, at. 
though, the currents in the loads will always be in the same 
direction, they will not he of constant 
strength, hut will vary from a maxi¬ 
mum to zero at each half revolution* 
To remedy this, the ring or drum* 
armature is made with it number of 
coils, and the tube of the commutator, 
instead of being divided into two seg¬ 
ments only, is divided into m many 
segments as there are coils* 

The coils of the armature then come into action in tmo* 
cession when they are in the position for best action* A 
ring-armature of this kind is shown in Fig* 10. 
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Here the armature coils are all in continuous connection; 
hut in some machines, suoh, for example, as the well-known 
Brush machine, tho coils are all separate, and each coil has 
its own commutator. A four-part drum-armaturo, with its 
commutator and collecting brushes, is shown in Fig. 11. 



Kiel. 10. 

There am also disk-armatures, in which the coils are flat¬ 
tened against the disk, and pole-armatures, which have the 
coils wound upon separate polos projecting radially from 
the periphery of the disk, as shown in Fig. 12, which exhib¬ 
its a six-polo armature with com¬ 
mutator and collecting brushes. 

Methtuh of Kr.cilirttj tho Field 
Mitijnt'iH.— 'Wvn) arc live simple 
ways of producing tho Magnotio 
Field in which the armature of 
the dynamo rotates. Of these 
methods the one first employed 
consists, M has already boon 
pointed out, in the use of a per¬ 
manent steel magnet. Fig. 18 
shows, in a diagrammatic form, a machine of this kind with 
its circuit. 

The terminals of tho armature coils, together with the 
collecting brushes, are stum between the pole* of the mag- 
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net; and the arrows show the direction of the current in the 
circuit when the armature revolves as indicated l>y the p-fli* 
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tion of the brushes—viz., in the direction of the hands 
of a watch. It will be seen that this is simply the? old 
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magneto-electric machine which 
formed the original of the mod¬ 
em dynamo; but as the latter is 
now adopted as a generic term 
for all these machines, I shall 
follow Professor S. P. Thompson 
in calling it a magneto-dynamo. 

Permanent steel magnets am 
now only employed for quite 
small machines, numerous types 
of which, for laboratories and 
other purposes, are still made 
with them. 

In order to regulate tho 
E.M.P. produced by a machine 
of this kind a movable piooo of 
iron is usually provided, which 
can ho placed more or leas over 


the poles of the Field Magnot, in such a way as to divert 


a certain portion of the magnetism from tho armature. 
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Tho second stage in the development of the dynamo is 
shown in Fig. 14, which represents a separately excited 
dynamo—that is to say, one in which the magnetic field is 
produced hy means of an electro-magnet, the magnetism 
of whic.iv is excited from some external source, such as a 
voltaic, battery, or hy moans of a small auxiliary magneto- 
dynamo, as was done hy Wilde in 1866. 

The arrows in the diagram show the direction of the 
current in the field magnet 
ooilH required to produoe 
the polarity indicated, and 
the direction of tho cur¬ 
rent in tho main circuit 
when the rotation is in the 
same direction as before. 

The separately excited dy¬ 
namo may lie governed in 
the same way m the mag¬ 
neto - dynamo; but there 
are two other methods of 
regulating its K. M. F., one 
or other of which will 
generally ho found prefer* 
uhle. These consist either 
in weakening the current, 
which may lie convenient¬ 
ly e(Tooted hy introducing 
additional resistance into its circuit, or in altering the 
number of convolutions of wire through which the exoifc 
itig current circulates round the Hold magnets. 

In any dynamo the magnetic field is necessarily modified 
by tho current in the armature coils, the effect of the field 
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due to the armature being to produce an KM. T*. in the 
opposite direction to that duo to the primary Held, and 
therefore known as tlio back E.M.F, 

It is evident that the strength of tho back KM. F. will 
increase with the speed of rotation, provided the resistance 
in the main circuit remains unchanged; but it will be 
diminished by increasing this resistance—that is, by giving 
the machine more work to do; for example, by putting a 
larger number of lamps into tho circuit. 

With the exception of tho effect of this back K M. F., it 
is clear that in both these machines the 10, Nf. F. will be inde¬ 
pendent of tho resistance in the main circuit. 

The next stago in tho development of the dynamo was 
to do away with the auxiliary exciter, and make tho nmohitin 
excite its own magnetism. 

This is effected l>y making use of the current, or of a 
portion of tho current, developed in the armature, to excite 
the field magnets. It would evidently he ii a possible to start 
this process unless tho field magnets were excited to a cer¬ 
tain extent to begin with. 

Assuming this to bo tho ease, it is easy to sea that tho 
small current which will bo produced by rotating the arma¬ 
ture may be made to increase their magnetism, and that the 
resulting increased strength of tho magnetic field wilt in¬ 
crease the current through tho armature, which, in its turn, 
will still further magnotixo tho field magnets; so that in this 
way, starting with a very small initial magnetization of the 
field magnets, it may bo inoroased up to any desires! extent 
below that of saturation. It is found in practice that th!e 
process can be started without initially magnetizing the 
field magnets from a separate source, the reason being that 
iron is always slightly magnetic; and although its residual 
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magnetism, as it is called, may b© so small as to require 
exceedingly delicate instruments to detect it, it is invariably 
found to be sufficient, without external assistance, to start 
the process of self-excitation. 

There are throe simple typos of self-exciting dynamo. 
The first and simplest of’ these, which may bo called the 
ordinary dynamo, is known to electricians as the scries 
dynamo. It is illustrated dia¬ 
gram matically in Fig, 15, and 
it will be seen from the illus¬ 
tration that the whole of the 
current from the armature 
passes through the exciting 
coils, which are connected in 
series with the main eiremit. 

This form of machine has 
several serious disadvantages. 

In the first ease, it is liable 
to become reversed in polari¬ 
ty, which makes it impossible 
to use it, either for electro¬ 
plating purposes, or for charg¬ 
ing accumulators or secondary 
batteries. 

In the second place, it 
will not begin to excite itself 
until a certain speed has been attained, depending on the 
resistance in the circuit. 

Finally, it bus the disadvantage that any increase in the 
resistance of the main circuit diminishes the exciting ew* 
rent, amt therefore diminishes the K.M.F. produced by the 
machine. 
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The serious nature of this last disadvantage will easily 
be understood by considering its effect when the machine 
is used to supply current for an electric light circuit. Are 
lamps, such as are used for street lighting and for large 
interiors such as railway stations, are usually connected in 
series—that is to say, the main circuit wire is cut wherever 
a lamp is to be inserted, and the two free ends tints ob¬ 
tained are joined to the lamp terminals. 

If additional lamps are put into Hindi a circuit they will 
increase its resistance, and therefore diminish the power of 
the machine just when it ought to ho increased. Incan¬ 
descent lamps, on the other hand, such as are used for 
house lighting and in. theatres, arc usually connected in 
parallel—that is to say, the conducting wire joining tho 
poles of the dynamo, and forming the main circuit, is con¬ 
tinuous; and tho direct and return portions of the conductor 
—or the positive and negative mains, as they aw called - 
are connected across at various points through the lamps. 
In this case the addition of extra lamps to the circuit opens 
up additional paths for the electricity to traverse, and 
therefore diminishes the resistance in the circuit, mo that 
a smaller E.M.F. is required to maintain tho same current. 
The diminution in tho resistance, however, increases tho 
current through the field magnets, and this causes an in¬ 
crease in the E.M.P. developed by the machine. 

In order to overcome some of tho defects of the Morion 
dynamo, another typo of machine, shown in Pig. 1<J, has 
been devised. In this machine, as is shown in tho diagram, 
the field magnet coils are not connected in Morion with tho 
main circuit; but their terminals, and those of the main 
circuit, are both connected directly to the collecting brushes. 
The two circuits are then said to be in parallel, and the 
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series coils are said to form a shunt to the main circuit; 
whence this form of machine is known as a “shunt” 
dynamo. The field magnet coils are made of a great 
number of turns of very fine wire, so that they have a 
much higher resistance than that of the main circuit, 
and are therefore traversed by a small portion only of the 
total current. 

When a “shunt” dynamo is used to supply a current for 
a set of lamps in series, the 
addition of lamps to the cir¬ 
cuit sends an additional pro¬ 
portion of the current through 
the field magnet coils, and 
thus increases the strength of 
the magnetic field, and there¬ 
fore also the E.M.F. devel¬ 
oped. If the machine is used 
to supply lamps in parallel, 
the resistance of the circuit is 
diminished, and less current 
is sent through the shunt 
coils, so that the strength of 
the field, and therefore the 
E.M.F. developed by the ma¬ 
chine, is slightly diminished; 
and if the internal resistance 
of the armature is small, such 
a machine can be made to regulate itself fairly well. 

The principal objection to shunt wound machines is that 
any unsteadiness in the driving machinery produces a com¬ 
paratively large effect on the main circuit. The reason of 
this is that the shunt coils, being formed of a great many 
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turns of thin wire very close together, and wound upon an 
iron core, have much more solf-induction than the niiiiii 
circuit, and therefore any variation in the speed produces 
its effect upon the lamps before the current in the exciting 
circuit has had time to undergo a sensible change. Shunt 
dynamos are easily governed by introducing resistance into 
the exciting circuit. 

The last of the simple forms of solbexciting dynamo m 
what Professor Thompson calls the separate circuit self- 
exciting dynamo. In machine's of this type the “exciting 11 
circuit is entirely separate from the main circuit, and the 
current through it is obtained either from a second armature 
spinning between the same field magnets, or through a 
special commutator connected separately with a few of the 
armature coils, and supplying no current to the main circuit. 

Neither series nor shunt winding cun be cmptciyiitl for 
alternating current machines, but cither of the system#! 
described may ho employed in continuous current dynamo#! 
— viz., those which give a current always in the same 
direction. 

In alternate current dynamos no commutator i§ mtpurod 

for transmitting the current to the main circuit, m tki cur¬ 
rents, rapidly succeeding each oilier in opposite direction®, 
arc sent through the circuit just as they lira received from 
the machine, and therefore, with a rotating armature, a 
simple sliding contact is all that is reepured. 

In some machines—such, for example, m those in urn lit 
the West Brompton Central Electric Lighting Bteticia*-t!i«$ 
armature remains at rest and the field magnets am made to 
rotate; and in this case no sliding contact is raejuimei, ttiu 
terminals of the main circuit being attached permanently 
to the armature. When the machine i® a self-exciting on.% 
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it is however necessary to employ a commutator to rectify 
the alternations in the exciting current. 

The armature coils used for exciting the field magnets 
are therefore connected to a commutator, of which Fig. 1? 
represents a typical form. It consists 
of two hollow metal cylinders provided 
with teeth, and fixed upon a solid in¬ 
sulating cylinder, the teeth of either 
cylinder projecting between those of 
the other without touching them, as 
is shown in the illustration. The two 
collecting brushes are fixed so that one 
is always in contact with a tooth of 
one of these cylinders, while the second is in contact with 
a tooth of the other one. The two hollow cylinders form 
the terminals of the exciting coils of the armature. 
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CIIAPTKR IX 

THE STORY OF THE TKEEOKAPH 

S OME of the descriptions which have come down to us 
of the manner in which tho decrees of the old Unman 
oracles were oommutrioatad to those who consulted 
them, irresistibly suggest that magnetism was one of tho 
agents employed by the priests to deceive their dupes. Tho 
descriptions are naturally extremely vague, as tho narrators 
themselves had no idea whatever of the process employed. 

It is stated in one of these accounts that an iron tripod 
turned round in obedience to tho incantations of the presid¬ 
ing priest, accompanied by cortain movements, the object 
of which tbe narrator did not understand, of an iron ring 
suspended from a cord wliich tho priest held in his hand. 
The letters of the alphabet, inscribed on separate small 
plates, were arranged round tho tripod, ami as the latter 
moved they were drawn down upon the table in snob an 
order as to spell out the answer of tho oracle. 

It is very clear that those ofTeots might be produced 
by means of magnetism, and it is difficult to imagine what 
other means could have been employed. It is moreover 
quite certain that the lodestone was known to the priest;* 
of ancient Egypt, and possibly through them to those of 
ancient Rome; and that the priests were also acquainted 
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with the fact neither member of the pair who had under¬ 
and suspended so tmoreparation wished to con verse with his 
would set itself pointingurick the letters upon his arm with 
All through the Middle A^pell out the message, and, as 
as a means of imposition, both t/jwn arm, a corresponding 
foretell the future, and by the quacks *md. 
sees the power of curing all the ills that almost impossible 
Even the enlightenment of the nineteenth h statements, 
not extinguished the latter class of impostors, and il knowl- 
therefore difficult to imagine how easily they could imptucy 
upon the credulity of the multitude in what are generally 
known as the dark ages. We learn again from many 
writers, beginning from an early date down to as late as 
the seventeenth century, that there was a widely.spread 
belief in the possibility of communication between distant 
friends by means of the magnet. 

The method by which this was supposed to be effected 
usually consisted in balancing a pair of steel needles, which 
had been rubbed with the same lodestone, upon vertical 
axes resting on euvular bases, round the euvumferenees 
of which were inscribed the letters of the alphabet. 

It was then stated that if two friends each possessed 
one of these instruments, no matter how far apart they 
might be, they could carry on conversation by their moans, 
the method of procedure being simply for the one who 
wished to speak to take his instrument and turn the needle 
in succession to the different letters, so as to spell out the 
sentence required, upon which, it was stated, the needle 
of the distant instrument would move from letter to letter 
In sympathy with the first Such Htatements arc, of ©own#, 
absurd, and they probably originated in deliberate topos- 

ture with the object of obtaining money tom the credulous, 
SoMum*—*'Via* XIII—i 
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The famous philosopher Galileo tells u- J tbat be ’ w ’ as 
sought out by one of these impudent im^ ostors > who offered 

to sell him a secret art which woujd^ enable Wm - means 
of the attraction of a certain magnetic needle, to converse 
across distances of severaKthousand miles. Galileo, how¬ 
ever, was not the kiy^ of man to he made a dupe, and he 
verv pertinently ' suggested to the would-be vender that 

he should P nt art to the test *>7 s P eakin g from 

one eor>^ r of the room to the other. This, however, did 
noty&nt the impostor, who objected that the distance would 
ybe too short, and that the instruments would only work 
when the space separating them was considerable. Galileo 
then informed him that it was not convenient for him to 
travel into Egypt or Muscovy in order to try the experi¬ 
ment, but that if the adventurer cared to do so himself, he 
would remain in Yenice and let him try to converse with 
him, promising that if the experiment were a success he 
would become the purchaser. It need hardly be said that 
the knave preferred to try his fortune elsewhere. 

Another method appears to have been much believed 
in, but for obvious reasons it was not likely to be often 
put to the test of experiment. It consisted in cutting 
pieces of skin from corresponding portions, such as the 
arms, of two persons, and mutually transplanting them, 
when it was stated that each transplanted piece would 
grow to the new arm, which is quite possible, similar oper¬ 
ations often being performed in modern surgery. The rest 
of the story however makes rather large demands upon our 
credulity. The transplanted piece of skin was said to retain 
so close a sympathy with its native limb as to be sensitive 
to any injury done to the latter. The letters of the alphabet 
were to be tattooed upon the transplanted pieces of skin, 
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and whenever either member of the pair who had under¬ 
gone this previous preparation wished to converse with his 
friend, he only had to prick the letters upon his arm with 
a magnetic needle, so as to spell out the message, and, as 
each letter was pricked in his own arm, a corresponding 
pain would be felt in that of his friend. 

It will perhaps appear to my readers almost impossible 
that any reasonable person could believe such statements, 
but, foolish as they appear in the light of modern knowl¬ 
edge, they are not more so than the belief in the efficacy 
of electric hair-brushes and magnetic lockets —et hoc genua 
omne —which not many years ago were offered for sale at 
almost every railway station in London; and when we find 
such absurdities as these being believed in by the masses, 
in spite of our present standard of knowledge, it becomes 
easier to understand how even learned men could believe 
the corresponding nonsense in vogue some few hundred 
years ago, when the standard of human knowledge was 
considerably lower than it is at present. These ideas, 
moreover, absurd as they are, are not without interest, as 
they seem to foreshadow, though in an impossible and 
ridiculous fashion, the magnetic telegraph now in use 
throughout the civilized world. 

The electric telegraph, as it exists-to-day, was of slow 
and gradual growth—so slow and gradual indeed that it is 
impossible to point to any one man as being the inventor 
of telegraphy. 

If we follow the history of any scientific invention it will 
always be found that the process of development resem¬ 
bles the processes of nature in the organic world, and that 
though it may appear to flash suddenly upon the world, 
as Athene was said to have sprung, fully armed, from the 
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brain of Zens, this sudden appearance is really only the ad¬ 
vance into general notice of the results of long and patient 
but unobtrusive work; and just as the classic story appears 
to give a perfect analogue to the sudden appearance of a 
great invention in the public field of view, so on looking 
a little closer the analogy still holds; for before Athene 
sprang from the head of Zeus the latter had swallowed 
her mother Metis. 

During the early part of the eighteenth century a good 
many philosophers occupied themselves with experiments in 
electricity, concerning themselves chiefly with the various 
means of producing it by friction. It was not, however, 
until the year 1729 that the discovery was made that some 
bodies conduct electricity freely and others only with diffi¬ 
culty. This discovery of the fact that substances can be 
divided, with respect to their electrical behavior, into the 
two great classes of conductors and insulators, was made 
in this year by Stephen Gray, a pensioner of the Charter- 
house, and this observation was of such prime importance 
in the development of the electric telegraph that it may 
almost be regarded as its starting-point. 

A great impetus was given to experimenting in electri¬ 
cal phenomena by Musschenbrock’s discovery at Leyden in 
1745 of what is now known as the Leyden jar; and experi¬ 
ments on the transmission of electricity which had been 
attempted before were now resumed with much greater 
success. 

For example, in April, 1746, Abbd Nollet transmitted 
the shock of a Leyden jar through a number of Carthusian 
monks joined together by iron wires, and forming a circle 
five thousand four hundred feet in circumference. The 
contortions of the monks, when the circuit was closed, 
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were accepted as sufficient evidence of the shock having 
been felt throughout the whole circuit, and the fact that 
these contortions took place simultaneously showed that the 
time occupied by the electricity in traversing the circuit 
was too small to be perceptible. 

The first actual suggestion of an electric telegraph was 
made in an anon ymous letter published in the * * Scots Mag* 
azino” at Edinburgh, February 17, 1758. The letter is 
initialled “0. M„,” and many attempts have been made to 
discover the author’s identity; but though plausible theo¬ 
ries have not been wanting, the question has never been set 
at rest, and a considerable concurrence of evidence indicates 
that the author’s reason for concealing his identity was his 
fear of being regarded as a magician by Ins neighbors. 

The suggestions made in this letter were that a set 
of twenty-six wires should be stretched upon insulated 
supports between the two places which it was desired to 
put in connection, and at each end of ©very wire a metal¬ 
lic ball was to bo suspended, having under it a letter of the 
alphabet inscribed upon a piece of paper. These pieces of 
paper wore to bo placed upon a horizontal table, at distances 
of about an inch below the balls. 

Connection was to bo effected by successively bringing 
the ends of the wires at the sending station into contact with 
the charged electrical conductor, in such an order as to spell 
out the massage which was to be sent, and the message was 
to be read off at the receiving station by observing the let- 
tors which were successively attracted by their correspond* 
ing balls, as soon as the wires attached to the latter received 
a charge from the distant conductor* 

In 1787 Monsieur Lomond, of Paris, mad# th# vtiy im¬ 
portant step of reducing the twenty-six wires to one, and 
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indicating the different letters by various combinations of 
simple movements of an indicator, consisting of a pith-ball 
suspended by means of a thread from a conductor in contact 
with the wire, which was charged by being put in contact 
with a charged electrified conductor at the other end. 

In the year 1790 Chappo, the inventor of the semaphore, 
or optico-mechanical telegraph, which was in practical use 
previous to the introduction of the electric telegraph, de¬ 
vised a means of communication, consisting of two clocks 
regulated so that the second hands moved in unison, and 
pointed at the same instant to the same figures, which were 
marked round the dials. 

In the early form of tho apparatus, the exact moment 
at which the observer at tho receiving station should read 
off the figure to which tho hand pointed wuh indicated by 
means of a sound signal produced by the primitive method 
of striking a copper stow-pan, but the inventor soon adopted 
tho plan of giving electrical signals instead of sound signals, 
hoping in this way to be able to employ his apparatus for 
communicating at greater distances than would bo possible 
when sound signals wore used, as tho alow rate at which 
sound travels would make tho interval between tho sending 
and receiving of the signal so great, that tho hand of tho 
clock at tho receiving station would in tho meantime have 
passed on to some other figure than the one intended to he 
indicated. He therefore used a Leyden jar discharge to give 
a signal, but he found it impossible, when the distance was 
at all considerable, to insulate his wires sufficiently well to 
transmit the signals, and it was this which led him to devise 
his well-known semaphore. 

It was this difficulty of insulation which was fatal to all 
the telegraphic systems based upon the use of electric cur- 
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rents produced by frictional machines, or by the discharge 

of Leyden jars. 

I pointed out in an earlier chapter that the electrical 
pressure, or electro-motive force, in the case of such cur¬ 
rents is extremely high, while the quantity of electricity 
transmitted is extremely small, so that in order to transmit 
them through any considerable length of wire, the insulation 
must bo exceedingly good, as otherwise the leakage would 
bo so great that no perceptible quantity would reach the dis¬ 
tant end. It would be quite impossible practically to obtain 
the insulation required for a line of any length, but it is 
quite a different matter for the telegraphs actually in use, 
whether the currents are obtained from voltaic batteries, 
or, as is occasionally done, from a small magneto-dynamo 
machine, for in this case a considerable quantity of electric¬ 
ity is transmitted at very low electrical pressure, and there¬ 
fore on the one hand there is comparatively little tendency 
for the electricity to escape, and on the other hand, the 
quantity of electricity being large, a certain amount of 
leakage is comparatively unimportant. 

The difference between the two cases is of very much the 
same character as that between conveying water in a pipe 
three or four feet in diameter, with a pressure equivalent to 
say ten feet of water, and carrying it through a pipe my an 
eighth of an inch in diameter, with a pressure equivalent 
to a height of several thousand feet of water. It is easy to 
sec that in the second ease the pipe would have to be enor¬ 
mously stronger than in the first, and that all the water 
would bo lost if even a very small leakage took place, while 
in the first case a considerably greater leakage might take 
place without producing any sensible effect 

In 1786 Bon Francisco Salva read a paper before the 
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Academy of Sciences at Barcelona which is of special inter¬ 
est in the history of Telegraphy, not only on amount of 
the extent and completeness of his own designs, !>ut also as 
foreshadowing a good deal of what was only carried out 
at a much later date. He suggested, in the first plum, time 
instead of twenty-six wires being used, one for each letter, 
six or eight wires only should he employed, each idmrged 
by a Leyden jar, and that different letters should ho formed 
by means of various combinations of signals from these. 
So far this was no advance on what had been done before, 
Lomond having already shown that it was posable to con¬ 
vey the signals by means of one wire onh. lb- then, how¬ 
ever, went on to explain that it Would be r\. redingly diill- 
cult to maintain even this number of wires if turn were all 
separately suspended from poles, and lie therefore . ue-,,-, 
that they should ho separately insulated, ami then rolled 
together into a single cable, which is esaetly u hat. is done 
in London at the present day 

Salva tolls us that in his lirst, trials lie made a cable of 
this kind by covering the wires with pitch mat. d paper, 
or some other dielectric, and then tying them toother, ;tI id 
binding the whole with paper. 

Salva therefore was the lirst to make an <1. . trie (.di¬ 
graph cable. 

He also suggested that this cable should be laid in mb- 
terranean tubes, and that, in order to improve it . iumiLiooi 
it might ho covered with one or two mat of iv ,m, lb' fur¬ 
ther pointed out that tins intervention of the <-d m-t 

prevent telegraphic communication between tw<> phi.for, 
as he tells us, it is not impossible to cumt-rimt cables imper- 
vious to water, and to lay them along tin. bottom of the sea. 

In the experiments by which Salva illustrated this paper 
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he did not adopt his own suggestion of using only six or 
eight wires, but employed seventeen double wires, one for 
each essential letter of the alphabet, those which are little 
used or whose power could be represontod by others being 
omitted. Designs representing each of these letters were 
formed by means of a number of separato strips of tin-foil 
pastod on glass, and the two end strips of each letter wore 
attached to the extremities of the corresponding pair of 
wires. A let tor was indicated by taking the ends of the 
wiros belonging to it and connecting them with the two 
coatings of a charged jar, upon which the observer at the 
distant station saw the letter illuminated by the spark pass¬ 
ing across the breaks in the tin-foil. It is stated that this 
telegraph was actually employed over a distance of about 
a kilometre, the outgoing wires being all collected in one 
cable of the kind described, and the return wires in a sec¬ 
ond. A number of other attempts wore made during the 
end of the last century and the beginning of the present 
one to devise a practically useful system of telegraphic 
communication by means of {nationally gen united currents 
of electricity, and several inventors attempted to obtain the 
assistance of the Government in carrying out their projects, 
but they invariably received the stereotyped reply that 
'Holographs of any kind other than those now in use are 
entirely unnecessary, us the Government are fully satisfied 
with the Semaphore system." 

I must not, however, pass from this branch of my subject 
without giving some account of the work of Mr. (afterward 
Sir Francis) Ronalds, who took up the subject of telegraphy 
in the year 1HK$, and published an account of his experi¬ 
ments in 1823, in a little volume entitled “Description of 
an Electrical Telegraph, and of somo other Electrical Appa- 
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ratus,” of which the portion relating to the telegraph mm 
reprinted in 1871. 

Ronalds employed a single wire of liras* or tapper 
inclosed in thick glass tubus, and 
laid in wooden troughs lints! itisido 
and out with pitch, tho different 
lengths of glass tulung hemp joined 
together hv short e»\ rriapptng tubes, 
sealed with wax, in order to e \c!ude 
moisture. 

The receiving appurnt us 
sistcd of a circular brum* plate, 
Fig. 18, divided into twenty equal parts, an*f rotated by 
clockwork, at the rate of one complete r<*vt»!ut*• *n per min- 
ute; each division carried a figure, a letter, and a prepant, 
tory sign. The figures were divided into two h«-j‘i**s end \ 

containing the mutH-rnh faun * me 
to ten, and tho letters v, »*re ar 
ranged alphahctien d \ , ten \ ills* m it 

J, Q, U, W, X, /, 

In front of this pint** was fixed 
a second disk of tin* same nice, pro¬ 
vided with an aperture im idmwn 
in Fig. 19, and this dink could ho 
turned by hand shout its centre, 
which coincided with the tlretilink. 

The aperture shown in tho illustration wax of studi „ 
as only to allow one letter with its corresponding figure and 
preparatory sign to he visible at any one tint... An electro- 
seope, consisting of a pair of pith-hulls attached h v mean* 
of threads to a metal support in connection with tho line- 
wire, was suspended in front of tho latter disk. 
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The transmitting apparatus consisted simply of a small 
cylinder electrical machine, the prime conductor of which 
was in connection with tho metal conductor from which the 
pith-halls wore suspended, and through that with the line- 
wire. Tho transmitter and receiver at each station wore 
exactly similar. When it was desired to send a message 
from cither end, tho outer disk was turned so as to exhibit 
tho letter A with its corresponding numeral and preparatory 
sign, which, in this case, Btood for tho word “prepare.” 

Tho clock was then started, and a signal sent along tho 
wire every time that tho sign “prepare” came opposite to 
the aperture. Tho person at the receiving station in the 
meantime adjusted his apparatus so that tho letter A was 
shown by his receiver at the moment when tho signal 
“prepare” was sent through the wire, and, as soon ns this 
had boon done, ho signalled the fact by sending a discharge 
at tho moment that tho preparatory signal standing for tho 
word “roady” appeared opposite the aperture of his in¬ 
strument. In this way the two dials were made to show 
tho same letter simultaneously. 

lionalds drew up a sort of telegraphies code by which 
words, and sometimes oven complete sentences, could bo 
transmitted by only three discharges, and, in order to show 
whether hitters, figures, or code-ligures, referring to words 
and sentences in tho dictionary, were intended, certain pre¬ 
paratory signs were made beforehand, such as “note 
letters,” “note figures,” “dictionary." Whenever a pre¬ 
paratory sign was to he read instead of a letter or figure, 
the fact was announced by sending an extra strong charge 
through tho line, thus causing the pith-halls to diverge more 
widely than usual. In order to obviate tho necessity of 
continually watching the instrument at each station, a small 
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Volta cannon was provided, consisting of a tube having 
its open end closed by a cork, and containing an explosive 
mixture of oxygen and hydrogen gases. A pair of wires 
in connection with the direct and return wires of the line 
passed through apertures in this tube, and eaino very dose 
together without touching, inside it, so that when a dis- 
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chargo was sent through the line from the distant station, 
the gas was exploded, and, by its report, called the attention 
of the obsorver at that station. 

The whole apparatus is shown In Fig. 20, T> being the 
electrical maohino, B tho pith-hall deetroseojM*, A the screen 
with its orifice, F the Volta pistol, and K tho tube contain* 
ing the conducting wires. 
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In the work previously referred to, Ronalds proposed 
that telegraph offices should he established throughout the 
kingdom. “Why,” he says, “has no serious trial yet been 
made of the qualifications of so diligent a courier ? and, if 
he should be proved competent to the task, why should not 
our kings hold counsels at Brighton with their ministers 
in London? Why should not our government govern at 
Portsmouth almost as promptly as in Downing Street? 
Why should our defaulters escape by the default of our 
foggy climate? and, since our piteous inamorati are not 
Alphei, why should they* add to the torments of absence 
those dilatory torments, pens, ink, paper, and ppsts ? Let 
us have electrical conversazione offices communicating with 
each other all over the kingdom if we can. ’ ’ 

It would have been pretty well impossible to have made 
a more accurate forecast of the part now played by the elec¬ 
tric telegraph in our daily life. The different residences of 
her Majesty are connected by telegraph wires with the gov¬ 
ernment offices in Downing Street, and ministers can com¬ 
municate with their subordinates, or be recalled upon occa¬ 
sions of emergency, from any part of the kingdom or from 
abroad. The telegraph has become one of the most efficient 
aids to the detective police force, and many a time has it 
happened that a thief or a murderer has succeeded in getting 
into a train for some distant seaport on his way to America 
or elsewhere, only to be stopped on arriving at his destina¬ 
tion by detectives who had received his exact description 
by telegraph. If the criminal succeeds in getting out of 
the country, even if he goes as far as the Antipodes, he will 
generally find on arriving there that his description has pre¬ 
ceded him, and he may not improbably be actually met on 
landing by the local police, who have received by telegraph 
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a complete description of him, together with the name of 
the ship in which ho sailed. With regard to the “piteous 
inamorati,’ 1 tho post-office officials, if it were not for the 
regulation which compels thorn to maintain absolute reti¬ 
cence about the contents of all telegrams passing through 
their hands, would have amusing and sometimes pathetin 
accounts to give of the numerous messages which they have 
to transmit from love-sick swains and forlorn lasses. 

The underground cable employed by Homilds was not 
so very different from those which are now in use, though 
the India-rubber and gutta-percha now used as insulators 
are a great improvement on the glass tubes employed by 
him. Eonalds, howover, pointed out that pitch and cloth 
might he employed as insulators, ns had already been sug¬ 
gested by Cavallo; and tarred tape is still very largely « in- 
ployed, on the scoro of cheapness, where very high insula¬ 
tion is not required. 

Eonalds, moreover, pointed out that east iron troughs 
might he made as tight us gas pipes if it were considered 
desirable to employ them, and tho system of laying insu¬ 
lated telegraph wires in cast-iron pipes is one which is very 
extensively employed by tho Post-Office at the present time 
in London. The tubes are usually laid down under the 
pavement, with openings at intervals, closed by nun able 
covers, to enable defective wireH to be removed, and new 
ones drawn in when required, without taking up the pipes. 

Eonalds’s remarks regarding the question of preserving 
the wires against malicious injury are so sensible ami witty 
as to he worth quoting in full. “To protect the wires," he 
says, “from mischievously-disposed persons, let the two 
tubes be buried six feet below the surface of the middle 
of highroads, and let each tube toko a different route to 
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arrive at the same place. Could any number of rogues 
then open trenches six feet deep in two or more public high¬ 
roads or streets, and get through two or more strong cast- 
iron troughs in a less space of time than forty minutes ? 
Foi w© shall presently sec that they would be detected 
before the expiration of that time. If they could, render 
their difficulties greater by cutting the trench deeper, and 
should they still succeed in breaking the communication 
by these means, hang them if you can catch them, damn 
them if you cannot, and mend it immediately in both oases* 
Should mischievous devils from the subterranean regions 
attack my wire, condemn the houses belonging thereunto, 
which cannot easily escape detection by running away.'* 

Ronalds proposed, moreover, in order that any breakage, 
whether accidental or otherwise, in the line might be imme¬ 
diately detected, to keep the line wire constantly charged 
with electricity, and to have certain testing stations estab¬ 
lished at convenient positions along the line, at which tests 
should be made at short intervals. This idea is almost 
exactly carried out in the telegraphs of the present day, 
except that Voltaic batteries are used instead of frictional 
machines to supply the current, and it is unnecessary al¬ 
ways to keep the battery in circuit, the current only having 
to Im turned on while the test is actually being made. 

I must make one more quotation from Ronaldtda work, m 
it shows that his insight into electrical phenomena enabled 
him to forecast a difficulty in the transmission of signal# 
through long underground cable# which no cum else seem# 
to have thought of—a difficulty which, in the early day# of 
submarine telegraphy, proved to be a formidable ohstnet# 
in the way of the rapid transmission of signals through long 
submerged cables, and which was first explained with the 
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aid of mathematical analysis by Sir W. Thomson, and prac¬ 
tically remedied by tho beautiful signalling apparatus which 
he devised in accordance with tho mpiirements indicated 
by theory. 

Ronalds’s statement is as follows: “That objection 
which has seemed to most of those with whom I have 
conversed on tho subject tho least obvious, appears to mo 
the most important, therefore I begin with it, vie,, tho 
probability that tho electrical compensation which would 
take place in a wire inclosed in glass tubes of many miles 
in length (the wiro, acting, as it were, like the interior coat¬ 
ing of a battery) might amount to tho retention of a charge, 
or, at least, might destroy tho suddenness of a discharge, 
or in other words, it might arrive at. sueh a degree as to 
retain the charge with more or less foree, run although 
the wire were brought into contact with tin* earth.” 

Ronalds completely proved tho practicability of his plan, 
not only on the short underground lino which I have de¬ 
scribed, but also upon an overhead line some eight miles 
in length, constructed by carrying a telegraph win* back¬ 
ward and forward over a wooden framework creeled in his 
garden at Hammorsmith; and although, when tho electro¬ 
magnetic telegraph camo into use, ho freely admitted the 
great superiority of electro-magnetism for telegraphic pur¬ 
poses, yet he maintained to tlm last that if his own system 
had been tried on a largo scale it would have been a prac¬ 
ticable one, even for lines of many miles in length. 

The first attempt to employ Voltaic electricity in teleg¬ 
raphy was made by Don Francisco Salva, whose frictional 
telegraph has already boon referred to. On tho 14th of 
May, 1800, Salva read a paper on “Galvanism and Its Ap¬ 
plication to Telegraphy” bofore tho Academy of Sciences 
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at Barcelona, in which, he described a number of experi¬ 
ments whioh he had made in telegraphing over a line some 
810 metres in length. In these experiments he made use of 
Galvani’s disoovery of tho convulsions produced in a frog’s 
leg by means of electrical discharges, tins motion of the 
frog’s leg being employed to indicate the signals In the 
courso of these experiments, Salva discovered that the frogs 
at tho distant station wero sometimes thrown into convul¬ 
sions, even when no frictional discharge was passing along 
the lino, and he soon found that this was duo to the slight 
Voltaic ourrent generated by tho contact between the frogs 
and the conducting wires at the sending station. This ap¬ 
pears to have been tho first discovery of the fact that the 
Voltaic ourrent might be employed for the transmission 
of messages. 

Salva continued his experiments in this direction, ob¬ 
taining the electricity from a large number of frog*, and 
a few years later be applied the then recent disoovery of 
the Voltaio pile to tho name purpose, the liberation of bub¬ 
bles of gas by tho decomposition of water at tho receiving 
station being tho method adopted for indicating the passage 
of tho signals. 

A telegraph of a very similar diameter was devised 
by Simmering, and descrilmd in a paper communicated by 
the inventor to the Munich Academy of Sciences in 1H0®. 
Sdmrnoring used a set of thirty-five wires corresponding 
to tho twenty-five letter* of the German alphaliet and the 
ton numerals. 

Those wires were connected to thirty-five gold points 
or pins which passed up through the bottom of a trough 
of water, and the letters and figures were indicated by 
connecting tho terminals of the Voltaio pile to different 
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pairs of wires, when bubbles of oxygen :m«1 hydrogen 
respectively were evolved from the corresponding gold 
terminals. 

In order to attract attention at the distant slalinn, the 
gas rising in bubbles from two contiguous juns w;o allowed 
to collect under an inverted glass eup attached t<i the end 
of a long lever, and this lever, rising us Mm* pa** w;n liber¬ 
ated, caused a second lever to descend and throw ofT a 
small leaden ball resting upon it, which in falling a«-t the 
clockwork of an ordinary alarm in motion, 

Ocrsted r s discovery of the action of tin* eleeirie enrrent 
upon a suspended magnetic, needle }>n»\ ided a new and 
much more hopeful method of applying the ehvt rie ear* 
rent to telegraphy. The great French astronomer Laplace 
appears to have been the first to suggest this application of 
Oersted’s discovery, and he was followed short U :in**rward 
by Ampere, who in the year 1H20 rend a paper bef»*ie the 
Paris Academy of Beiene.es, in tin* course of w hieli he 
sketched out the plan of a telegraph in which the jdcmds 
were to be indicated by small magnets placed under the 
wires. 

In 1829 Professor Poelmer, of Leipsie, pointed out that 
the effect at the distant station might be increased by 
inclosing the needles in coils consisting of many turns 
of wire, as Schweiggor bad already (burn in eonstruetiug 
bis galvanometer. 

In the following year Professor Ititehio, of the Royal 
Institution of London, adopted this suggestion ?md ox* 
hibited a model telegraph in which twenty-six separate 
circuits were employed with twenty-six suspended tmig- 
netxc needles, each surrounded by a coil of wire, A much 
more practical form of telegraph was invented soon after 
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this by Baron Pawel Lwowitch Schilling. Baron Schil¬ 
ling’s attention was first directed to telegraphy by seeing 
Sommering’s telegraph in action In 1810 at Munich, Schil¬ 
ling being one of the attaches of the Russian Embassy at 
that place. Schilling’s first electrical experiments were 
directed to the use of electricity for the purposes of war, 
and consisted of attempts to provide telegraphic commu¬ 
nication between fortified places, and to explode powder 
mines at a distance by moans of electric discharges curried 
through insulated wires laid under ground or under water. 

The final form of Schilling’s telegraph required a single 
metallic circuit only, consisting of a direct and return wire. 
The sending instrument was simply a key to make ami 
break contact, or to reverse the current through the line. 
The receiving instrument consisted of a galvanometer 
formed of a magnetized needle, suspended, by means 
of a silk fibre, within a coil of wire in circuit with 
the line, the motions of the needle being indicated by 
means of a small disk of paper attached to the suspended 
fibre parallel to the needle, ami painted whim on one side 
and black on the other. In this way either the white or 
the. black face was brought opposite the observer, accord¬ 
ing to the direction in which the current was sent through 
the line, and the different letters and other signs were in* 
dioated by moans of various combinations of those two 
primary signals, for example, writing W for white and 
B for black; the vowels were indicated by the following 
combinations— A = bw, K = b, 1-^bb, O bwb, II ...wwb. 

The first bi-signal alphabet is popularly supposed to 
have been devised by Morse, but as a matter of fact such 
alphabets were employed for signalling purpose* m far hack 
as the times of the ancient (1 reeks and Homans, tint signals 
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consisting generally either of sounds, or signs visible at. a 
distance. Schilling's device for attracting the attention 
of the observer at the distant station was very similar to 
that of Simmering, upon which it was founded. The silk 
fibre by which the needle was suspended was repine.-. 1 by 
a rigid metal wire carrying a horizontal metal arm, and 
when the needle was delleoted by tin* current this arm strtiek 
against a delicately balanced lever, and caused a leaden ball 
resting on it to fall upon u second lever and set u eloek work 
alarm in motion, as in Sommering's instrument. Schilling's 
telegraph is of special interest owing to its t« ing the proto, 
type of the modern needle telegraph instrument, and also 
because it was the immediate cause of the electnu telegraph 
being introduced into Kngtarid. 

In 1833 a telegraph was constructed by Gauss and \Vel« r 
at Gottingen for transmitting signals between their otaem f to 
observatory and tbe physical laboratory of the l bsiveisit v, 
This telegraph is principally of interest on aeeount of the 
simple and ingenious method employed for iticrcttstng 
the sensibility of the receiving instrument, the plan being 
the same that was afterward adopted by Sir W. Thomson 
in his “Mirror” galvanometer. 

The current was generated by an ordinary voltaic battery 
until the year 1835, after which a magneto electric machine, 
made by Stcinheil, was employed. The current produced 
by the magneto machine was made to d.-Ueet it large nea* 
pended magnet weighing about one hundred pounds, and m 
the deflections of this magnet were ex.'ced.ng! v small, they 
were observed by attaching a mirror to the magnet, and ti e 
deflections wore rend by placing, at a distance of tm or 
twelve feet, a telescope, at the top of which wits fixed 
a horizontal scale, the reflection of th« scale in tht* minor 
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attached to the magnet being read off through the teleseope. 
A “bi-signal” alphabet very similar to that of Schilling’s 
was employed. The primary signals consisted of deflections 
of the magnet and mirror to the right and left respectively. 
Some kind of alarm was employed in connection with this 
telegraph, but the details of its construction have not been 
preserved. 

Gauss believed that this telegraph was capable of being 
brought into a practical form suitable for general telegraphic 
purposes, but not being able to spare time from his scientific 
investigations to devote himself to the practical working out 
of the subject, he invited Steinheil to take it up, and this 
inventor introduced a number of modifications which vastly 
improved the original instruments of Gauss and Weber. 
In order to provide the current Steinheil employed a 
magneto-generator, consisting of a permanent compound 
magnet built up of seventeen horseshoe bars of magnetized 
steel, with a pair of coils, consisting of fifteen thousand 
turns of fine silk-covered wire, which were made to rotate 
between the poles, a commutator being provided to make 
the current continuous in direction. The coils were set in 
motion by means of a fly-bar terminating in two metal balls 
attached at right angles to the axis, about which they 
rotated. The receiving instrument consisted of a pair of 
magnets, to which were attached two cups, terminating 
below in fine perforated beaks, and filled with printing ink, 
so that each time the magnets, with the cups attached to 
them, were depressed, a dot was made upon a strip of paper 
carried under the cups by means of clockwork. The con¬ 
nections were made in such a manner that one of these 
magnets was depressed when the fly-bar made half a turn 
from right to left, and the other one when it made half a 
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turn from left to right. Iu Borne of Steinhcirs receiving 
instruments the magnets, instead of being pr«»\ ided with 
cups, were made to strike upon two bells of different tunes, 
so that Steinheil was the original inventor both of “printing 
telegraphs” and of “sounder receivers." 

In the year 1888 Steinheil made, ueridenfuIU, tin* wry 
important discovery that the return wire mink? b«* dmpm>»*d 
with, and the earth used to complete the circuit, :m that 
only a single wire was necessary in order t<» eib*et omumu- 
nication between two stations. 

Gauss had suggested that the two rails of a railway 
line might be employed as the conduct.*rs of a tola, 
graph line, and in July, 1888, Steinheil tried the experi¬ 
ment on the railway between Nuremberg and Forth, but 
he was unable to insulate the rails miflieiently to tmn .util 
the current. 

In making these experiments the great eondueting power 
of the earth impressed itself forcibly upon Urn mind, and 
suggested to him that it might possibly be rmpluyed in 4.rad 
of the return wire, and he lost no time in putting tlm idmi 
to the test of experiment. It was perfectly miecrHMfuh nmi 
formed one of the greatest improvements in olreirie trlrg- 
raphy, owing to the great reduction which it Hfrriml in 
the cost of erecting telegraph lines. 

The next important step in the development of th** elee- 
trio telegraph was made by an Englishman, Kd ward 1 mvy. 
It would take up too much space to give a detailed drm*np* 
tion of Davy’s telegraph, as his system was de\ eloprd with¬ 
out any knowledge of what oilier workers ill tin! mine field 
ha ( I been doing, and was consequently tmn of 
complication. Two of his inventions, however, must not 
be passed over without notice—vi*., the “liolay” ami the 
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“Chemical Recording Telegraph," m they form important 
landmarks in the story of the telegraph. 

The principle of the “Relay,” or, m Davy called it, the 
“Electrical Itonewer, M though extremely simple, m one of 
very great importance, as it greatly reduced tli« % diflieiiltie.fi 
incidental to long-distance telegraphy. The objert of the 
relay in to obviate the necessity of using very large current* 
to compensate for the leakage inevitable in the ease of tong 
lines. The principle of the method consist* in breaking 
up a long circuit between two distant *taiion* into n serin* 
of shorter circuits, each complete in itself. Ileiwotm each of 
these circuits is placed a relay, which is simply mi iijijiik* 
ratUB, which, when a signal is sent from the triuisiiuttiug 
station, makes connection between I he ne\ t eireuit 1 -vs <»nd 
it and a local battery, and thus automatically carnet mi 
the signal. 

la Davy’s first relay the further mid of the lir^t line mre 
terminated in a recbitigitliir figure of 8 coil fixed in n hori¬ 
zontal position. Within each colt was placed m ttr**4h , 
balanced upon a horizontal axis, and stops were jTvr.l | s > 
prevent each of the needle* from tm*ving, rcerpt m «»n« 
direction. When acurrent was sent thnureh the lme # or 
other of the needles was deflected, accord me !»* the dlo 
of the current. The lower cud of i nch m**»dlr enttavd n cro** 
piece of copper wire, with it* end* intned downward film 
of these end* wan always immersed Jn n cup of torn* nm, 
which was in connection with one of the immium of ;i gab 
vnnio battery, anti the other end wa* made to «bp into n 
second mermiry <tup whenever the needle was deflected 
by a current through the coil. Tins f*reond cup formetl 
on® of thi tormina]* of tint next circuit, which wan in lliin 
mmmr put in mnnmtmn with the battery# 
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In Davy's chemical recording telegraph, a atrip of calico 
impregnated with Iodide of Potassium and Chloride of 
Lime passed over a copper cylinder, and wan carried onward 
when the cylinder revolved. When a signal was neat from 
the transmitting station, a motallio contact piece, forming 
one of the terminals of the lino, was made to press against 
the calico, which completed the circuit through the latter 
and the metallic cylinder over which it passed. Kvery timo 
that a current was sent through the calico a mark was mado 
upon it by the chemical decomposition of tho salts with 
which it was impregnated, thus giving a permanent record 
of the signal. The metal cylinder was not mado to revolve 
continuously, but, by means of a mechanism set in motion 
by the transmitting current, it was made to advance through 
a certain space after tho transmission of every signal. 

In the year 1834, Professor Wheatstone, a phi jurist of 
great eminenoo, was engaged in researches on the veloeity 
of electric waves in solid conductors, and these exjierninnta 
appear to have first directed his attention to tho subject of 
eleotrio telegraphy, in tho development of which ho played 
an important part Very shortly after Wheatstone turned 
his attention to tho subject of telegraphy, he associated with 
himself a Mr. Cooko, who had already Item engage,1 in 
the construction of telegraph lines for railway purple*. 
Henceforth tho two inventors worked together, and tlwir 
labors are of special interest and importance, not only on 
account of the actual improvements which they effected, 
but because they were tho first to establish tho telegraph 
for practical purposes on a comparatively largo scale, thus 
bringing it into much closer touch with tho public than 
while it was confined to laboratory tucjierimenta, or to effect¬ 
ing scientific communications on a small scale, an in the 
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of Grauss and Weber’s telegraph perfected by Steinheil, 
The first joint invention of Wheatstone and Cooke consisted 
of a telegraph with five indicators and as many line wires. 
Its details were very carefully worked out, but practically 
it was inferior to that of Steinheil, and though it had a fair 
trial on the Great Western, and on the London and Birming¬ 
ham [Railways, it had to be given up on account of its heavy 
expense, due to the large number of line wires employed. 

Wheatstone was the first to contrive a really practical 
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alarm for calling the attention of the observer at the receiv¬ 
ing station. The arrangement of this instrument is shown 
in Fig. 21. It consisted of a clockwork alarm, previously 
wound up, and prevented from running down by means of 
a toothed wheel n resting against a lever p } the lower end 
V of which was made of soft iron, and formed the armature 
of the electro-magnet U. When a current was sent through 
the coil XT the armature V was attracted, releasing the 
wheel and allowing the bell of the alarm to ring. The 

electro-magnet was placed in circuit with the line in the 
Science—Vol. XIII—6 



120 ELECTRICITY IN MODERN LIFE 

manner indicated in the diagram, where 1 and 2 are 
the direct and return wires of the lino, K is a battery, 
and s is a key consisting of two metal springs a, b, separated 
by a strip of ivory, tho lower one h being mounted on a 
block of wood. The circuit was completed, and tho alarm 
set in motion, by depressing tho spring a so as to bring 
it in contact with l. Wheatstone, like Davy, experienced 
the difficulty of the weakening of tho current by the resistance 
of the line and apparatus, and by leakage, due to imperfect 
insulation, and he romediod it in a similar manner by means 
of a relay which introduced a local battery into the circuit 

Another inventor whoso name is now well known in te¬ 
legraphy was Morse, an Amorican artist, who is said to have 
first conceived the idea of an olcctro-chomical telegraph in 
the year 1832 while on ms homoward voyage from Ki trope. 
He received considerable assistance in his first attempts in 
this direction, and also in his subsequent experiments, from 
a fellow-passenger—-Dr. Jackson, of Boston—who had a con¬ 
siderable acquaintance with electricity and chemistry, and 
who had seen a good many experiments in telegraphy carried 
out in Paris. In the first apparatus constructed by Morse, 
the signals were recorded by passing tho current, by means 
of platinum contact points, through paper moistened with 
acetate or carbonate of lead; or impregnated with turmeric, 
and moistened with a solution of sulphate of soda. 

The subject of electric telegraphy had by this time 
attracted tho attention of numerous scientilio and practical 
men, but space will not allow of my discussing in detail 
their various contributions to tho subject; 1 will therefore 
conclude the story of tho telegraph at this point, reserving 
for the next chapter tho description of tho more important 
telegraphic apparatus now in use. 
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OIIAPTKR X 

OVKRLAND TKLKGBAPHB 

W HKATSTONK AND COOKJC’S »IN«DK*NNKDDK TKi,*• 
ti ha i*ii. —— In tills instrument tlui letter* of tho 
alphabet urn indieutod by motions to right. or 
left of ft small pointer or needle capable of moving u abort 
distance between two fixed stops. The pointer, with its dial 
and the signs corresponding 
to each letter, is shown in 
Pig. 22; tho two stops are 
shown in tho diagram on 
either side of tlm upper por¬ 
tion of tho needle. In tho 
first instrument mado by 
"Wheatstone and Cooke five 
noodles or pointers were «m* 
ployed, which were afterward 
reduced to two, and finally to 
one. A few doublu-needle instruments are still in uw 
on some of our railways, hut they are rapidly being re¬ 
placed by single-needle instruments, whieh are much more 
convenient. 

The construction of tho single-needle lustra meat i* 
•hown in the aooompanying diagram*. Fig. 88 «how» 
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a front view of the instrument with the cover and dial 
removed. Fig. 24 shows a side view of the interior, and 
Fig. 25 shows a horizontal section of the commutator, or 
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sending arrangement Corresponding parts are lmhoatod 
by the same letters in all tbo three diagrams. 

The upper portion of the apparatus marked A in Fig, 
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28, is the receiver. It is formed of two ivory lobb.m*, 
wound with fine, silk-covered wire,, tint! plftoewl on 
sides of a ©mull magnetic needle attached in the jneuter of 
the dial, and free to move within the bobbins in the ryhl 
or left until arrested by the stops; one end of « neb 1 .U-sfi 
is connected to the line, and the other to the ear!h, 

The signals arc given by juicing n current the 

coils by means of a battery at the wending ^tution, or f r« m 
a local battery, the circuit of whmfi in cloned by n t* h*y 
actuated from the sending utotion. 

The wire from the copper pule of tint buttery in #i! t/ ie l # 4 
to tlics binding sermv 0, and that fioin the ttrga!i,*« m , ui 
pole to the binding screw 7 *\ the bm«hn » fu*rev, > A * e! It 
are connected with the line and with the rmd? n j * n,> j t 
The axle llF of tin* eoinmnfnfor m made hi f to p, i ? ! * el 

F, of gun-met nl, separated by *e ' uavmg , u‘ >i ^ * k 
boxwood being the mm 1110,4 genet ally employed, It ^ i , m 
noeted by ti wins to CJ, iitnl F to % 

A steel spring /# ie connected by lumic* #tf & bi ! 4 \ 

through the etc hi mid the r *a »\ r, le «'«• 4 p . t . , ' 

a second steel npnn " j* l~> *»•» a> n i \ ^ i < , » » t« 5 , i 

bar // with the terminal II, 

When the needle H in i 1 1 mufuid or nu,( d j » * * 

these two springs n U fimitml a ptoj* * toy pm «h m ti 

diiigrutii, iiittl thereby tnamuin t! *« J * » 4 1 | *d I ? 4 1 JJt 

From tho iipjior «i,|o of t!».* ! «! f, , , , „ 

lmvor niilo of Iho jjwotmhil 1», ^ 

w», tn\ Wlu-tt »!to h;ui<Uo t<* in it,* j * ,» 

pin m nsims'nH tli- i-pri-.',- i ,**. ! w i) i, , 

ing oitiior; iticl tlio pin /,«* min 1.»r 1 •, t> n,*,,,, N 

bnw»l bitCrt £ Hiol //, Wtlltoi*! ,«*■*»-!,,n „* 

When Uto Immllo i« motel to %h» Wi., I bo pin **,' , 
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in contact with tlio brass bar Z>, and is tbmvfore eomurfod 
through the spring p with tlio terminal A, rtmmrting the 
positive pole of tho battery to the line-win*; at the name 
time the pin m is made to press against the spring p\ and 
therefore connects it, through tho brass bar //, with tho 
terminal B, connecting the negative pole of the battery to 
the earth; and a current is therefore sent mum! tin* line- 
wire in a certain direction and deflects the needle. If tho 
handle is turned to the right, m* comes in contact with h f 
and connects the positive pole of tho battery in earth while, 

fii is |*iv.va*il ayaiiiNt 
p, and «**tiHurf'i f 1 m <5 
negiUhe j<*dr with 
the lim*; . <» t h ;,>t n 
current will be ; , at 
round tiie hue in | j.n 
dircauiuii opjin-do' «*f 
the former urn-, ami 
the n v e d 1 v \\ ; 1! be 
aeaift *h lha’tj'd, 1 1 | ho 
first t'lim ni drim. i* *J 
it to tho right it will now turn to tho hit, and nW i. 

In the neodle-instrumont tho signals mv *ii .-.-tm i |.y 
means of tho eye. Audible signals are nmv s.-iy hoy.-lyr 
used in place of visual ones, an instrument called a under 
being most generally used; hut a pair of lu lls, giving t«o 
distinct tones, are sometimes employed. 

The Sounder —Tho sounder in general use m this coun¬ 
try is shown in Fig. 20. E is an electro-magnet formed 
of an upright rod of soft iron surrounded by a coil of uiik- 
oovered wire, with an outer covering of Imlia-rublmr, or 
some other substance, to protect it from injury. Tim ends 
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of this coil are connected through a pair of tcinittttftltt 
attached to a wooden base—on© only of which m shown 
in the diagram—to the line-wire and to the earth respec¬ 
tively. The armature of the electro-magnet consists of n 
bar of soft iron movable about a horizontal axis between 
two stops, a and Ik 

When the circuit is open the armature is pressed up 
against the stops by means of the spring s, the tension of 
which may be varied at pleasure, according to the strength 
of the current in the line-wire, by means of the adjusting 
screw shown in the diagram. When the circuit is rinsed, 
by means of a key ut the transmitting slalom, m current m 
sent through the mi! of the electro-magnet, whicli maene 
tizea it as long ns the current is passing, find ihcivhc* p-ill ■* 
down the armature against the stop t>, The man ch arc 
made by the armature striking against the stops; and the 
letters of the alphabet are denoted by various comlmuo 
tions of long and short signals reapeeimdy, known ns dot** 
and dashes, separated by intervals of silence, or spucca. 
The dots are formed by giving n sharp stroke in th*- lu'% ; 
the dashes, by depressing it more sh»wlv. 

It is evident that considerable practice would lto required 
before an operator would be able to transmit m to r«ml oil 
signals of this kind satisfactorily, but practiced operators 
are able to transmit and receive messages by mentis of tld/i 
instrument with extraordinary rapidity. 

In the system of signals employed, n dash b * ujerk red 
to be equal to three dots, and there are three land» of spaced 
©mployud—viz., a spare equal to one dot Wtwrim the differ 
«nt elements of a letter, a spues equal to three dots Uttwtwit 
the different letters of a word, ami u space equal to nix dots 
between two words. The letters I and T f tmm$ %kmm 
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mostly used, are represented by a single dot, and a single 
dash respectively, and the other letters, numerals, and stupa 
are formed of combinations of these. 

• The key employed in sending the message is shown in 
its simplest form in Fig. 27. It consists of a brass lover 
K in permanent connection with the line-wire, and nunuldo 
about a horizontal brass axle fixed upon an insulating sup. 
port of wood or ebonite. It is maintained in its normal 
position, viz., in contact with the stop 8, by means of a 



spring, not shown in tho figure, and thus keeps tlm lino- 
wire in connection with tho earth. 

When the key is depressed 2 is brought into contact with 
1, and the current from the battery, shown in the diagram 
by the ordinary conventional sign, consisting of a series of 
long thin lines and short thick ones parallel to enoh other, 
is sent through the line. 

It is evident that the duration of the current will depend 
upon the length of contact, and, to use an illustration duo 




to mturforn with th« noiinij of the i««trm»ei»t, m *how« m 
Fig. 2H. Thin instrument him m very h«*«v y armature lever, 
and the downward stroke of the im.aUi, uke, , ihvi 
•n aro or bridge, an shown in the til u tiatiou, thu# eotutider* 
ably inoroMtug the volume of the 
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When the line is of any great length, the imperfect insu¬ 
lation will make the current too weak to work a sounder 
without the use of a relay, the principle of which was de¬ 
scribed in the last chapter. 

In its present form it consists simply of a more delicate 
form of electro-magnet than the one employed in a sounder. 
It is wound with a very large number of turns of fine wire, 
so as to enable the weak current to produce as great a mag¬ 
netizing effect as possible upon the core, and its parts are 
very delicately constructed, so that a very small force is 
sufficient to move it In the simplest forms of relay the 
armature is of soft iron, just like that of the electro-magnet 
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of the Mo me sounder: these instruments are called non- 
polarized relays to distinguish them from polarized relays, 
in which the armatures are either permanent magnets, or 
are maintained in a magnetized condition hy means of 
permanent magnets fixed in their immediate neighborhood. 
Polarized relays are affected by the direction of the current, 
and they can he made much more sensitive than the non¬ 
polarized ones. For this reason the latter instruments are 
very seldom used in this country. 

The Morse Ink- Writer. -This is an instrument of an 
entirely different type from the needle telegraph and the 




OVERLAND TRl.mHAMtH 


n 

sounder, in that it given a permanent rreonl of fist* so* ■ * » '«» 
seat A general view of one of ilirw iitstrufiivtit* m 
in Fig. 29 , and the oleotrieiU portion of tin* up pat at a* \ 
shown diagriunmntiimlly in Fig* 80 , 

B 18 an oleoiro-nmgnet f of the Ktiut* rfmtv.* mi p'* th r sf, * m 
ployed in t!u 5 sounder, and i i wnrlmd in n mm ,m m o r 
by moans of a key from the turn minting m»§t.Mi§. I*' in «. */ 

iron armature uttatdied to the lever J\ inouihle id *mi u S * 
sontal axis, m shown in the drngiam, Wien «• 
is passing through the apparatus list* let w j m }*>■*. , - • * < 

against the atop 2, by uteium of the spring *S t the ** 
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wltielt mm lw regulated by flip »ert?w t\ f l'U f, /1 - %> 

trumiiy of the lever eatur** n rmwbS 4 ' I, o . , { 

It Iuin®llit 4 il iitnl dipping mi'Mi t% t#nf m! • : , 

fiiijMir !i aarriatl tlinmgli the np| Malm* b;* t* «*' , 
nnry crimikwork nrrungMme nt, 01 tm 1 . * 

21b and this cdnekwork aim* b * # j ■ ^ I ,» i f 

and thus ilif4iirm it# betlig kept sm in j o, > 

When it earn*ni 1* prut ttmr,m <u < ,g | ,4.^*, , v 4 

line, the nriiiittttre I ! m o i 1 4 lt 1 * , , M u , | 

mntil the lever / *t«ih* * the *s»<j« 4 «Min-mg ii * *4 
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I to come in contact with the paper and record a dot or a 
dash, according to the time during which the transmitting 
key is depressed The play of the levc.r/cuit bo udjimted 
by means of the screws A ami B, and the screw ii serves to 
adjust the position of the inking disk 1, while the attractive 
force between the armature and the electro-magnet, K can 

be varied by raising or 
lowering the coils by 
means of the screw ih 
J1 haitsUmAn A It 0 
Jnnirnm* T li i a in* 
strument in a very good 

type of a considerable 
number of telegraph in¬ 
struments, in which the 
signals are record'd by 
means of a pointer mov¬ 
ing round n dial on 
which the tetters of the 
alphabet are iu a r h e d. 
Siemens, Breguet, and 
O t li c r H have in \ * n!ed 
instruments of neimihir 
character, but \V heat- 
stomas is the form u u.d* 
ly employed in Kim, mud. 
An ABO telegraph is very suitable for use cm pm ale 
wires, where great rapidity m not requisite, ns it run Im 
worked by any person of ordinary intelligence without 
previous practice. Fig. 81 gives a general view of %\m 
instrument. 

When the handle shown in front is rotated, a soft iron 
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armature is made to spin in front of a pair of coils surround¬ 
ing the poles of a horseshoe magnet, thereby generating at 
each revolution four currents in alternate directions through 
the coils, and by means of suitable mechanism each current 
is made to move the pointer through one space. In order to 
indicate any letter, the key opposite to the required letter 
on the lower dial is depressed, and the handle turned until 
the pointer p comes opposite to that letter. 

When this takes place p is prevented from turning fur¬ 
ther, and at the same time the currents, instead of going 
into the line-wire, are cut off, so that p, and the pointer 
p* on the indicating dial at the receiving station, remain 
pointing to the same letter. 

Hughes's Type-Printing Telegraph .—A good many instru¬ 
ments, some of exceeding ingenuity, have been devised, in 
which the message is directly printed off in ordinary type, 
■just as if it had been done by means of one of the type¬ 
writers now in general use. The only one of these that 
has been employed to any considerable extent in Europe 
is that of Hughes, a general view of which is shown in 
Pig. 32. The instruments at the transmitting and receiv¬ 
ing stations are exactly similar, and are made to move in 
perfect synchronism; and each letter is registered by means 
of a single current of short duration, which at the right 
moment! brings a strip of paper, carried underneath the 
type*wheel, in contact with the wheel a , at the edge of 
which are placed the letters of the alphabet, so that the 
required letter is printed upon the strip as the type-wheel 
is made to revolve by means of suitable mechanism. The 
messages are sent by depressing a series of keys marked 
with the different letters and numerals, as shown in the 
illustration. 
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When a key is depressed it raises a pin, and tin’s pin 
catches the chariot A, which rotates the type-wheel, and 
sends a current to the distant station, causing the paper at 
both stations to be pressed up against the type-wheel at tho 
same moment. 

The Wheatstone Automatic Telegraph.—Vi\l\i the instru¬ 
ments previously described tho signals have to be trans¬ 
mitted directly through the line by means of an instrument 
worked by hand, and tho greatest speed attainable does not 
exceed thirty or thirty-five words per minute. In addition 
to this, an operator working for some hours at his maximum 
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speed will naturally become tired, and therefore not only 
will tho speed at which ho can work be gradually reduced, 
but errors are very likely to be made. Now Morse signals 
can be sent along a line and recorded by an ink-writer at 
a very much greater rate than any clerk can send by hand; 
hence many attempts havo been made to devise some menus 
of transmitting messages automatically, and tho system most 
generally employed in England is that invented by Wheat¬ 
stone. 



THE STORY OF THE TELEGRAPH 


133 


Wheatstone’s automatic telegraph consists of three dis¬ 
tinct parts—viz., a perforator, which prepares the message 
by punching holes in a paper ribbon; a transmitter, which 
sends the message from tho line by means of automatic 
machinery, controlled by the punched paper which is passed 
through it; and a receiver, which records the message. The 
general appearanco of the perforator is shown in Fig. 83. 

It will bo seen that there are three keys in the front 
portion of tho apparatus, and each time that, one of these 
keys is struck it actuates a mechanism which oauses a paper 
ribbon to move forward through a definite space, and at the 
same timo actuates one or more of a series of fivo punohes, 
shown at 1, 2, 8, 4, 6, in Fig. 84. When tho left-hand key 



is struck it causes tho punches l, 2, and 8 to perforate the 
paper, punching out three clean round holes in a vortical 
lino; tho centre key actuates tho punch 2 only, making a 
single hole, while tho right-hand key depresses tho four 
punches 1, 2, 4, and 6. Tho punches arc usually struck 
with small wooden mallets hold in tho hands. The series of 
holes made by the left-hand key corresponds to a dot, tho 
single hole made by the centre key to a space, and tho set 
of four holes made by the right-hand koy to a dash. The 
holes made by tho centre key tiro in the centre of the ribbon, 
as shown in Fig. 84, and they are smaller than the upper 
and lower holes. 
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nite space when a key is depressed, fits into these holes, 
and moves the paper a step onward at each depression. 
It will be seen that for each dash two central holes are 
punched, so that the paper will move twice as far for a dash 
as for a dot. Fig. 85 shows a strip of paper thus prepared 
to indicate the word “Paris,” by means of dots and dashes, 
as shown on the lower part of tho strip in the diagram. 

The transmitter is a very complicated piece of apparatus, 
which is made to send a series of currents in opposite direc¬ 
tions into the line under the control of the punched paper. 
The strip of paper is carried through tho instrument by 
means of the star-wheel working into tho central row of 



holes, and two vertical rods are pressed upwartl against the 
ribbon by means of springs, and are placed in such positions 
that they will enter the two outside series of holes as they 
pass above them. The rods work a disk whioh acts as a com¬ 
mutator, each entry of the rod into a hole on one side of the 
ribbon sending a current through tho line in one direction, 
and each entry of the rod into a hole on tho other side of 
the ribbon sending a current in tho rovorso direction. Tho 
punching which corresponds to a dash reverses tho current 
after an interval twice as long as when tho holes punciied 
correspond to a dot. If there were no paper in tho instru¬ 
ment the rods would move up and down alternately. 






THE STORY OF THE TELEGRAPH 


185 


When one of the rods has entered a hole, as the in¬ 
strument continues to move it is drawn out, and the paper 
moved on either through one or two spaces, according to 
whether a dot or a dash is to be sent when the other rod 
next ontors a hole. 

This transmitter will work at a speed of 450 words a 
minute on a short lino, hut more slowly over a long line, 
owing to the wire becoming charged very much like a Ley¬ 
den jar. The amount of this electro-static chargo depends 
on the length and surf&oe of the wire and its distance from 
the earth, as well as on the nature of the insulating material, 
whether simply air, or partly India-rubber or gutta-percha, 
which separates it from the earth. Tho result of a portion 
of tho current being absorbed in producing this electro¬ 
static charge is that a momentary current, hucIi as would 
bo produced by simply touching the key and raising tho 
linger immediately, would produce little or no effect at 
tho further end of a long telegraph line, and therefore 
the instrument has to be worked more slowly as the line 
increases in length. 

The receiver employed with the automatic transmitter is 
simply a Morse ink-writer of a more dolicato and sensitive 
character than the one already described. With a Wheat¬ 
stone automatic instrument a number of clerks can be em¬ 
ployed to punch strips corresponding to tho messages, and 
those can bo run rapidly one after the other through the 
transmitter, thus greatly reduoing the number of lines 
necessary between two places where tho traffic is heavy. 

Another way in which the capacity of a line can be 
increased consists in employing an arrangement by mean* 
of which two or more sets of messages can be sent simulta¬ 
neously in opposite directions along the same wire without 
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interfering with each other. The arrangement adopted for 
sending two messages simultaneously is called duplexing 
the line, and it will be of interest to describe briefly one 
among the various methods by which this is effected. 

Duplex Telegraphy .—Let two stations, A and B, bo con¬ 
nected together, as shown in Pig. 88, in which P, P' rep¬ 
resent receiving instruments, or rolays working receiving 
instruments, and K, K' are the transmitting keys at the two 
stations. It will be seen that the lino is carried from the 
earth, E, through an adjustable resistance, R, along the path, 
c, ct, 0, O ', b, c', to a second adjustable resistance, R', con¬ 
nected with the earth at E'. The vesistancos R and R' are 



made equal to that of the line at the time of working, 
a C and a c are two fixed resistances oqual to each other, 
as also are b O' and b c'. 

The line is earth connected at a and b, by means of tho 
keys K and K', either directly, or through tho correspond¬ 
ing battery, according as tho key is in its normal position, 
or is depressed. When the koy K is depressed, a current 
is sent from the battery through the point a where the lino 
divides, part going along the line a 0 O' be', and to earth 
at E', while the other part goes to earth at E by the path 
a c E. Since the resistance of a 0 is equal to that of a c, 
the electro-motive force produced at o, by means of the 
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battery, will produce the same potential at the points C and 
c, and therefore no current will flow along the path CPe, 
so that the instruments at P will not be affected by any 
motions of the key K, which, however, will affect the instru¬ 
ments at P'. In the same way the current sent from B, by 
means of the key K', will affect the instruments at P, but 
will have no effect upon those at P\ 

Not vory long after Duplex Telegraphy was first intro¬ 
duced by Gintl, of Vienna, it was extended by Edison so 
as to enable two sets of signals to be sent simultaneously 
in opposite directions, forming what is known as “Quadru- 
plex Telegraphy.” 

This was still further developed by Delany into the sys¬ 
tem of “Multiplex Telegraphy,” by which throe or more 
sets of messages can be sent at the same time in opposite 
directions along a singlo wire. 

The Writing Telegraph .—I must not conclude the descrip¬ 
tion of modern telegraphic apparatus without mentioning a 
very interesting telegraphic instrument of recent invention— 
viz., the Writing Telegraph of Mr. J. II. Robertson. By 
means of this instrument a message written by an operator 
at the sending station on a slip of paper, carried along at a 
uniform rate by means of clockwork, is reproduced in fac¬ 
simile at the receiving station. This was not the first writ¬ 
ing telegraph, as one of a somewhat similar character was 
invented by Mr. E. A. Cowpor; but Oowper’s was not a 
form suitable for practical use. Robertson’s instrument, 
on the contrary, can be, and is actually, employed for prac¬ 
tical purposes in America, though hitherto the post-office 
monopoly has prevented its uso in this country. It requires 
two circuits for oach pair of instruments, or the equivalent 
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The transmitter of the writing telegraph, shown in Pig. 
37, consists of two piles of disks of exceedingly fine com¬ 
pressed carbon, placed with their axis at right angles, and 
each pile is provided with a screw for regulating the press¬ 
ure between the disks. Tho two piles form portions of the 
two circuits required to connect the transmitting with the 
receiving station, one pilo being contained in each circuit 

The transmitting pen consists of a rod, shown in tho 
diagram, which is pivoted at its lowor end between tho two 
piles, and is provided with pressure 
points, which exert a varying prossuro 
upon one end of each pilo of disks 
when the rod is moved about in any 
manner. The motions of this rod are 
effected by means of the stylus pivoted 
to its upper extromity. 

When the instrument is put to¬ 
gether ready for use, tho rod passes 
through a small square hole in tho 
top of the oase, and the operator writes 
by moving this stylus just as he would 
a pen. 

As the pressure points of the trans- 
mitting-rod press more strongly against 
either pile of carbon disks, the contact 
between, the separate disks in that pile 
is improved, and thereforo the eleotri- Bto sr 

cal resistance of the corresponding oirouit is diminished, 
and the current in it therefore increased. 

The receiving apparatus consists of a pair of electro¬ 
magnets arranged at right angles to eaoh other, as shown 
in Tig. 38. The armatures of these magnets are attached to 
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a rod, pivoted at Its lower extremity between the adjacent 
poles of the eldctro-magnets, as shown in the diagram. The 
pen of the receiver is similar in principle to the well-known 
stylographie pen, and is attached, as shown, to the tipper 
extremity of tho armature rod. The coils of one of the 
electro-magnets of the receiver form a portion of the circuit 
containing one of the sets of carbon disks, while the coils of 
tho second electro-magnet are included in tho circuit con¬ 
taining the other pile of disks. As the transmitting stylus 
is moved, the resulting continuous variation in the strength 
of the currents in the two 
circuits causes a correspond¬ 
ing continuous variation In 
the attraction exerted by 
the two electro-magnets re¬ 
spectively upon their com¬ 
mon armature, and in this 
manner the rod carrying 
the pen is made to move 
in a path exactly similar to 
that of the transmitting rod. 

In the original form of 
the instrument the pen by 
which the message was 
written at tho transmitting Tm.rn* 

station was rigidly attached to the transmitting stylus, 
but this pen was afterward clone away with. 

Ah tho operator at the transmitting station moves his 
stylus, his own pen, in circuit with the line, travels over 
the paper ribbon of his own instrument, moved forward at 
a uniform rate by clockwork, in obedience to the motions 
of the stylus, thus enabling him to see what he is writing, 
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struts, the lower portions of which aro buried in tho ground 
at some distance from the base, while tho upper ends arc 
attached to the poles. 

In this country the wires are generally insulated by being 
fixed to porcelain cups attached to the poles. The cups are 
made of such a form as to exposo the upper portions freely 
to the cleansing action of the rain, while tho lower portions 
are shielded from the rain so as to keep them fairly dry, 
and preserve the insulation as much as possible during 
wet weather. The wires aro attached to tho insulators by 
being wound round them and firmly soldered together, 
so that if a breakage takes place at any point, tho wire 
between the neighboring polos will not bo dragged from its 
supports, but the broken ends will simply fall whore, tho 
breakage takes place. 

In places where there is danger of trees falling mi 
the wires, as, for examplo, in some parts of America, insu¬ 
lators consisting of glass blooks with slits cut in them aro 
largely employed, tho wire boing simply passed through 
the slits, leaving a good deal of slack; and if a tree then 
falls across the line, it usually bears tho wire down with it, 
taking up the slack from tho neighboring poles, but not 
breaking it, and it will therefore generally stick in tho 
branches without boing brought down to the ground, m that 
the circuit will not be entirely interrupted. 

When telegraph wires havo to he taken through towns 
they are usually, whon only few in number, carried over 
the tops of the houses, to which they aro attached by means 
of porcelain insulators fixed to iron supports. If, however, 
the wires are numerous, they are generally carried under¬ 
ground, a number of wires being drawn together into iron 
or earthenware pipes, provided with what are oalled flush 
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boxes, at intervals of every one hundred yards when the 
lino is fairly straight, or at more frequent intervals if 
it winds to any considerable extent. These flush boxes 
are provided with closely-fitting covers, to prevent, as far 
as possible, the entrance of moisture. The post-office tele¬ 
graph wires in London aro almost invariably laid in this 
manner, the pipes employed being of cast-iron, usually four 
inches in diamotor, except where only a few wires are likely 
to be required, when smaller pipes are used. A four-inch 
pipe will take as many as one hundred and twenty-eight 
wires of tho kind employed in the post-office telegraph 
system. Each wire has, of course, to be insulated by means 
of a covering, which is usually of gutta-percha or India- 
rubber. Overland telegraph wires in tropical countries, 
such, for example, as Australia and India, aro usually 
carried upon iron posts, as tho wooden ones would soon be 
destroyed by tho attacks of tho white ants or other insects, 
unless protected by creosote or some similar preservative 
process, which, however, in this caso would involve much 
heavier expense than tho employment of iron posts. 

The use of iron posts in countries where transport is diffi¬ 
cult has the additional advantage that they are very much 
lighter than wooden ones, and also that they can bo made 
in sections and put together at the place whore they are 
to be erected. 

A very convenient form of iron post, extensively em¬ 
ployed in Australia, was designed by Oppenhoimer of Man¬ 
chester. Its base consists of a sort of inverted pyramid with 
moderately sharp cutting edges, and it is driven into the 
ground by tho blows of a descending weight which slides 
on the polo, and by means of a tripod arrangement is drawn 
up to a moderate height and then allowed to fall upon the 

HOIKMOM—VOL. XIII—I 
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base until the upper or flat portion of the base is level with 
the ground. 

In selecting the wire for a telegraph lino, the chief con¬ 
siderations by which the choice must be detorminod are— 
low electrical resistance and durability, and also, when the 
wires are suspended on poles, mechanical strongth. 

The first two conditions aro best fulfilled by copper, but 
until recently it has been difficult to got copper wire with 
much mechanical strength, except at a very high cost, and 
for this reason iron wiros aro almost universally employed 
upon lines carried on poles, copper being used for under¬ 
ground lines. Copper wiro is now, however, being produced 
which has a tensile strongth almost equal to that of steel, 
and a very low electrical resistance, and that at a cost con¬ 
siderably less than used formerly to bo paid for ordinary 
commercial copper wiro. It is therefore very possible that 
copper wires may come into general use in the near future, 
for, in addition to the electrical resistance of copper being 
much lower than that of iron, it will stand exposure to tho 
weather for a very much longer time. 

Faults .—Preece and Sivowright, in their work on the 
telegraph, from which, by tho kind permission of tho au¬ 
thors and publishers, most of the illustrations of tho present 
chapter have been taken, classify faults occurring upon 
telegraph lines under throe heads—viz;., disconnections, 
earths, and contacts; which they then subdivide into total, 
partial, and intermittent. A total disconnection may bo 
caused by a tree falling across tho wiro and breaking it, or 
by the wire being broken by the weight of the snow which 
accumulates upon it in a snowstorm; while partial discon¬ 
nection may be produced by means of badly-made joints 
or bad earth connections, or by some of the joints of the 
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instruments not being kept properly clean. Total discon¬ 
nection is of course indicated by the absence of current 
in the line when the battery is put on, and a partial dis¬ 
connection is shown by the strength of the current falling 
below its proper value. Earths aro indicated by an increase 
in the strength of a current at the transmitting station, and 
its decrease or entiro cessation at the other end. A com¬ 
plete, or, as it is callod, a dead earth, is caused by a wire 
resting on damp earth, or coming into contact with a wire or 
other object connected with tho earth. Partial earths are 
caused by defects in tho insulators, or by the wire coming 
into contact with imperfect conductors, such as walls, posts, 
or trees, in connection with the earth. 

Contacts aro caused by one wire tonehing another, or by 
two wires being partially connected, cither by means of an 
imporfeot conductor falling across tho wires, or by defects 
in tho insulators allowing tho current in ono wiro to leak 
into another. When a number of wires aro carried on the 
uunte poles, a great deal of trouble would bo caused by this 
cross leakage if special precautions were not taken to pre¬ 
vent it, and this would bo especially noticeable in wot 
weather, when the deposition of moisture on tho insulators 
greatly diminishes their insulating power. Tho effect of 
this cross leakage would l>o that tho messages sent along 
one wiro would be transmitted to stations on othor linos, 
and interfere with the messages travelling along thorn. 

Tn order to obviate tins inconvenience, tho base of each 
of tho insulators is connected, by means of a short wiro, to 
an earth wire carried down tho pole into tho ground; and 
as this path offers a much smaller resistance than that from 
ono wiro to another, whatever leakage occurs will all go 
to earth, and the effect of this leakage can be remedied 
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by increasing the battery power at the sending station. 
These earth wires also act as lightning conductors, and it 
is a matter of great importance that efficient means should 
be provided for the lightning to escape to earth when it 
strikes a post, instead of travelling along the wires, when 
it would destroy the instruments, and possibly some of the 
operators as well. 

In addition to these earth wires attached to the poles, the 
instruments themselves are protected by means of special 
lightning protectors. 

The lightning protectors omployod on the post-office 
lines, and which are found to bo extremely efficient, con¬ 
sist of two flat brass plates, with their opposite surfaces 
carefully tinned to provent oxidation, and kept at a small 
distance apart by means of thin paraffined paper or mien. 

One of these plates is connected to the lino and the other 
to the earth, and it is found that when a lightning discharge 
strikes the wire, it will jump across the small distance 
and go to earth, in preference to going round the circuit. 
Intermittent faults are often caused by the action of the 
wind blowing the lines against different bodies, or by bodies 
being brought into contact with them at intervals, owing to 
expansion and contraction by heat. 

In order to enable faults to bo localized and remedied 
with despatch, the wires on overhead lines are carried at 
intervals into testing hoxos, and if a fault is found, tests 
are applied at these in succession until the fault is shown 
to occur between two adjacent ones. In the underground 
lines the flush boxes serve the samo purpose. When the 
fault is thus localized the seotion in which it occurs is cut 
out, the exact position of the fa\dt ascertained, and the wiro 
repaired If the section forms part of a busy circuit, from 
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which a wire cannot easily be spared, a section is usually 
cut out from a less busy circuit and introduced into the 
former on© until the repair has been effected 

In a properly organized system no serious interruption 
will take place, unless in consequence of an extensive series 
of breakdowns, such as sometimes occurs during an excep¬ 
tionally heavy snowstorm, for the borrowed wire will always 
be taken from a circuit which, in addition to not having 
any very heavy traffic at the time, also possesses an altema* 
tiv© route. 

The overland telegraph system, like most other impor¬ 
tant undertakings in this country, was inaugurated and 
developed by private enterprise, but in the year 1870 it was 
purchased by the Government and placed under the direct 
control of the Postmaster-General. One of the most cher¬ 
ished privileges of nn Englishman is his right of grumbling 
at the Government and ©very undertaking under its direc¬ 
tion; and in many cases there is very good reason for such 
grumbling, for the waste in many Government departments 
is simply scandalous; and red tape, moreover, 1ms been one 
of the most formidable obstacles to the successful develop¬ 
ment of many a valuable scientific invention* If, however, 
the post-office telegraph system is to be judged by its re¬ 
sults, as seems only fair, there will not, I think, b© found 
much »co{Ki for legitimate fault-finding. In the year 1870, 
when it was bought by the Government at twenty years’ 
purchase, the telegraph system was bringing in an income 
of about £550,000 a year, and this has now increased to over 
£2,(HK),000 annually, the number of messages transmitted 
having increased in the same time from 6,000,000 to 
68 , 4(H), 000 , 

Mr. Preeee, from whose most interesting address to the 
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British Association at Bath these figures are taken, reminds 
us in another portion of his address how easily accidental 
errors may creep into telegraph messages without any fault 
on the part of tho operator. lie tells us, for example, that 
a lightning flash in America might cause an extra dot in 
Europe, causing mine, to become wine; or an earthquake 
in Japan might cause tho addition of a dash and turn life 
into wife; or again, a wild goose flying against a telegraph 
wiro might drivo it into contact with another wire and turn 
sight into night. And yet ho says, as a matter of fact, in 
ninety-nine cases out of a hundred tho tel (‘graph operator 
delivers to the editor of a newspaper copy which is far 
more accurate than tho first proofs submitted by the printer 
of his own leador. As an example of the enormous strain 
which is sometimes thrown upon and successfully borne 
by the post-office officials, Mr. Preoeo tells us that on the 
occasion of the introduction of Mr. Gladstone's Home Rule 
Bill, on the 8th of April, 188(1, no less than 1,500,(100 words 
were sent from tho Central Telegraph Office in London. 

If it were not for the telegraph it would be quite impos¬ 
sible to carry on tho railway traffic of tho country with its 
present combined celerity and safety. Most railways are 
now worked on the block system, according to which 
the line is broken up into short sections, and only one 
train is allowed on any section at tho same time, the moment 
at which it enters upon any given section being signalled 
from one signal-box to the other, and no other train is 
allowed to enter until the signalman has telegraphed that 
the section is clear. At the more important junctions the 
system of electrical signals is supplemented by ingenious 
mechanical arrangements which make it impossible for 
the signalmen, through inadvertence, to make any com- 
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bination of signals which would lead to an accident; and, 
as Mr. Preece tells us in his address, “the signalman is able 
to survey the line all round and about him. By aid of his 
electrical signals ho can talk by telephone or telegraph to 
his neighbors, or his station-master; ho learns of the motion 
of the trains ho is marshalling by the different sounds of 
eloetric bells; ho controls his outdoor signals by the deflec¬ 
tion of noodles, or the movements of miniature semaphores; 
ho learns the true working of his distant signals by thoir 
electrical repetition. Machinery governs and locks every 
motion ho makes, so that ho cannot make a mistake.’’ 

The increase in the safety of rail way travelling is shown 
by the figures given on the same occasion by Mr. Preece, 
according to which, while in the live years ending with 1878 
thirty-live people on the average were killed annually from 
causes beyond their own control—in the five years ending 
with 1887 the average had been reduced to sixteen, which 
moans that only ono person is killed in 86,000,000 railway 
journeys. 
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CHAPTER XI 

SUBMARINK TKRKORAI’US 

T HE first attempts, ns far ns is known, at sending the 
electric current through submerged conductors were 
made by Summering, who about the year 1808 made 
some experiments of the kind in St. Petersburg for the pur* 
pose of exploding gunpowder at a distance; and in 1815 ho 
repeated his experiments in Paris, by means of a conductor 
laid upon tho bottom of the Seine. 

After the invention of his elcctro-chemieal telegraph, 
described in Chapter IX., Simmering proposed that Cron* 
stadt and St. Petersburg should lie joined by means of 
a submarino tolograph lino, but the project was never 
carried out. 

Ronalds also pointed out tho possibility of submarino 
telegraph cables a few years later; but the first experiments 
in which telegraphic signals were actually transmitted under 
water appear to havo been made in 1889 by an Irishman, 
Dr. O’Shaughnossy, who employed conductors made of wire, 
covered over with pitch and tarred hemp, ami succeeded 
without any difficulty in transmitting signals. 

In 1887 Wheatstone proposed laying a cable from Dover 
to Calais, to be worked by the needle apparatus invented 
by Cooke and himself, and described in Chapter X., ami 
in the following year a committee of the House of Commons 
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was appointed to inquire into the subject. Some pre¬ 
liminary experiments, however, which were made at the 
Observatory of Brussels were not altogether satisfactory, 
and the project was dropped. 

Wheatstone made somo further experiments in Swansea 
Bay in 1814, and in the following year, when gutta-percha 
was lirat introduced into this country, ho at once porcoived 
its value as an insulator for submarine telegraph wires. 

Morse also turned his attention to tho subject, and made 
some experiments with an insulated submerged wire at New 
York in 1812, and in the following yoar ho submitted to the 
American Government a project for establishing tolegraphio 
communication between America and Europe. 

In 1815 Cornell laid down a cable twelve miles long in 
tho Hudson River to establish communication between Fort 
Loo and the city of New York. This cable was composed 
of two copper wires separately wound over with cotton, 
insulated by moans of Imlia-rubbor, and inclosed together 
in a leaden tube. It was in use for some months, after 
which it was cut through by the ice. 

West, in the year 181(5, applied to tho English and 
French Governments for permission to lay down a cable 
between Dover and Calais, and carried out some preliminary 
experiments in Portsmouth Harbor in the presence or a large 
number of spectators. • 

In 1848 Armstrong made some further experiments of 
tho same kind in tho Hudson River, and suggested, in an 
article published in one of the Now York papers, that 
a similar cable should he laid across the Atlantic. 

Werner Siemens in the same year carried out some ex¬ 
periments on tho explosion of torpodoes by means of sub¬ 
merged electric cables in Kiel Harbor; and Walker in 1849 
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constructed a cable, consisting of copper wire, covered with 
gutta-percha, about two miles in length, and laid it out into 
the sea from Folkestone. This cable was connected with 
the overland line from London to Folkestone, and messages 
were sent by it between London and Mr. Walker’s yacht, 
two miles from the shore. 

In the meantime Brett, in 1847, had obtained a conces¬ 
sion from the French Government for laying a cable between 
England and France, and in 1849 a company was formed 
for carrying out the project. A cable twenty-five nautical 
miles in length was manufactured. It was made of copper 
wire coverod with gutta-percha, and was constructed in 
separate lengths of ono hundred yards, which were joined 
by twisting tho ends of tho copper wire together and bind¬ 
ing them over with gutta-percha which had been softened 
by heating. 

This cablo was laid in August, 1850, simultaneously 
from Cape Gris-noss and Dover, tho cable being simply 
passed overboard from drums on which it w'as wound; and 
leaden weights of ton or twelvo pounds, to act as sinkers, 
were fixed at intervals of about ono hundred yards. When, 
however, the two ends wore joined together it was found 
that the cablo had been broken, and although attempt,a wore 
mado to tako it up and repair it, they wore unsuccessful, 
as tho .cable was not strong enough to lift up the louden 
weights used as sinkers. 

The original concossion obtained from tho French Gov¬ 
ernment expired in 1850, but a further extension of a year 
was obtained. The failure of tho previous attempts, how¬ 
ever, had made capitalists distrustful of the project, and 
if it had not been, for Mr. Crampton, who found half the 
capital required himself, the project would have fallen 
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through. As it was, however, a cable was constructed by 
Messrs. Nowall & Co. 

It was formed of four copper wires, each covered with a 
double layer of gutta-percha. These wero twisted together, 
and the intervals filled up with tarred hemp, after which it 
was wound over with tarred cord, and the whole covered 
with a set of ten thick iron wires wound round it in order 
to protect it from injury. The cable was laid down from 
Sangato, but the weather was very unfavorable, so that the 
vessel laying it was unable to keep her course, and when 
the whole of the cable was paid out, she was still about a 
mile from the French shore. Temporary communication, 
however, was established by means of three wires simply 
covered over and bound together, and this extemporized 
cable was afterward replaced by means of a length of cable 
similar to the rest, ami in November, 1851, the cable was 
actually opened to the public, and since then, though it has 
frequently been repaired, it has never been entirely renewed. 

The success of this cable restored the confidence of 
capitalists, and an attempt was soon made to lay a cable 
between Km gland and Ireland. The first of these was laid 
down from Holyhead to llowth, the cable being very similar 
to the Dover one, but the insulation was bad, so that when 
it was completed it was found that signals could not be 
transmitted, and attempts were made to pick it up and 
mend it; they were not, however, successful. Two other 
attempts were rendered unsuccessful, by the vessel laying 
the cable being carried out of her course by currents; but 
in the year 185,3, a large cable containing several conducting 
wires was laid between Portpatriek and Ponaghadeo. 

The possibility of successful submarine cables having 
now been completely demonstrated, there was no difficulty 
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in obtaining capital, and numerous short cables were laid 
down, connecting different European countries. 

In the meantime the success of the second attempt to lay 
a cable between Dover and Calais had resuscitated the idea 
of establishing electrical communication between Europe 
and America. 

In the year 1851, Tebbets, an American, ami Gisborne, 
an English engineer, obtained a series of concessions from 
the Government of Newfoundland, and formed a company 
under the title of the Electric Telegraph Company of New¬ 
foundland. This company laid down twelve miles of cable 
between Capo Breton and Nova Scotia, but as it was unable 
to carry out all that it had undertaken, it was shortly after¬ 
ward dissolved, and the concessions transferred to tho 
Telegraphic Company of Now York, Newfoundland, and 
London, founded by Cyrus W. Field, who, in 185-1, obtained 
a further concession, giving to the eompany the solo right of 
carrying cables to Newfoundland for a period of fifty years. 

A cable eighty-five miles long was then laid between 
Cape Breton and Newfoundland, and, in 1856, Field emuo 
over to England with a view of raising the capital for laying 
a cable between Ireland and Newfoundland. Here Ins asso¬ 
ciated himself with Brott, Whitehouso, and Charles Bright, 
who founded an English Company, whioh amalgamated 
with the A m erican one, under the title of the Atlantic 
Telegraph Company. 

The capital of this company was provided by three hun¬ 
dred and forty-five contributors, who subscribed a thousand 
pounds each. Among these contributors the name of Mr. 
John Pender, now Sir John Pender, K.O.M.G., must bo 
specially mentioned, as from this time forth he practically 
took the lead in the development of submarine telegraphy. 
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Before the new cable was constructed, a number of ex¬ 
periments were made by Mr. Whitehouse, to determine the 
manner in which the rate of transmission of signals depended 
on the length of the cable; and he found that the time re¬ 
quired for the transmission of a signal increased at a some¬ 
what more rapid rate than the length of the lino, but not 
in proportion to the square of the length, as appeared to 
bo indicated by the theory of the subject, which, however, 
was at that time quite in its infancy. 

In the course of those experiments, Whitehouse made 
the very important discovery that the rate of signalling 
could bo increased in the ratio of about three to one, by 
making the currents flow through the cable in opposite direc¬ 
tions alternately, instead of always in the same direction. 

As the Atlantic cable would be nearly two thousand 
miles in length, it was thought advisable, before incurring 
the expense of having it constructed and laid down, to obtain 
definite experimental ovidenoe of the possibility of trans¬ 
mitting signals over so long a lino. 

Accordingly, in October, Whitehouso and Bright 

connected up a series of existing submarine cables with the 
subterranean lino between London and Manchester, and in 
this way made up a circuit of about two thousand miles 
in length, and it was found that from about 210 to 240 dia- 
tinot signals could l>e sent over this circuit in a minute, and 
therefore the commercial practicability of using the line, 
if it could be constructed and laid successfully, was con¬ 
clusively demonstrated. 

The core of the cable was made by tbe Guttapercha Com¬ 
pany, of Silvertown, and consisted of seven copper wires, 
covered with throe layers of gutta-percha. The core was 
covered with hemp soaked in a composition of Norwegian 
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tar, pitch, linseed oil, and wax, and was protected outside 
by means of eighteen ropes, each formed of seven iron 
wires. The covering was manufactured and laid on by 
Messrs. Glass, Elliot & Co., and Messrs. No.wall & Co. 

The shore ends of the cables were protected by a much 
heavier armor, consisting of twelve thick iron wires twisted 
round the cable in a helical form, as was dono with the wire 
ropes used in the deep-sea portions. 

Owing to the absence of previous experiments on the 
requirements of such a cable, and also to the haste with 
which its manufacture was carriod out, the cable was un¬ 
fortunately exceedingly defective, and Mr. Whitelionso 
strongly advised its rejection. It was, howevor, decided 
to lay it down, and it was embarked on board two vessels— 
the “Niagara,” a vessel of five thousand tons, belonging to 
the United States Navy, and the “Agamemnon,” an English 
warship, of three thousand two hundred tons. 

It was decided to lay the cable from Valontia, in Ireland, 
to Newfoundland, as the ocean bottom between these two 
places had been explored by Captain Maury, of the United 
States Navy, and found to consist of a gently undulating 
plateau, covered with fine mud, usually known by the name 
of Atlantic ooze, forming a very suitable bed for the cable. 

The shore end of the cable was laid down from Valontia 
by means of two smaller vessels, and was safely effected on 
the 6th of August, 1857. On the following day the shore 
end was joined with the portion on board the “Niagara,” 
and the paying out of the cable went on successfully until 
the 11th of August, when, after a length of 884 nautical 
miles had been laid down, the cable broke, owing to an 
accident with the paying-out machinery, in a depth of over 
2,000 fathoms of water. Owing to this accident the vessels 
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returned to Plymouth, and the cableB were landed at Key- 
ham, and stored in dry tanks. The most defective portions 
were there replaced by new ones, and an additional length 
of 750 miles was manufactured by Messrs. Glass, Elliot 
& Co. The paying-out machinery was also very greatly 
improved. 

This time it was decided to begin laying the cable in mid¬ 
ocean by the two vessels simultaneously, the “Agamemnon” 
proceeding toward Valontia, and the “Niagara” toward 
Newfoundland. Tho cable was broken several times in 
laying, and about (MO miles of it were lost, but at last 
every difficulty was overcome, and communication estab¬ 
lished on tho Cth of August, 1858. 

Jt was found, however, that tho signals transmitted by 
tho cable gradually became less distinct, and on tho 1st of 
September they ceased to bo intelligible. JDuring the time 
that communication was established tho English Government 
find made use of tho cable to send a message to Canada, 
countermanding the departure of two regiments which were 
about to return to England; and, as they would have had 
to bo sent back again, a considerable expense was thereby 
saved to the country. This was a fortunate circumstance, 
as it illustrated in a very striking manner tho advantage of 
establishing telegraphic communication between England 
and America, and bad an important effect in encouraging 
further attempts. 

Several attempts were made in I860 to pick up this 
cable, bet they were all unsuccessful. The Atlantic Tele¬ 
graph Company did not, however, for a moment abandon 
their hopes of success, and two vessels were sent out to 
explore the ocean bed lietween Ireland and Newfoundland. 
They found that several portions of the bottom where the 
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old cable had been laid were of a rocky character, very 
likely to damage the cable, and a new course was therefore 
marked out for the next attempt, about twonty-sovon miles 
to the south of the former one, the positions selected for 
the shore ends being the Bay of Heart’s Content in New¬ 
foundland, and Foilhommerum, close-to "Valentin, in Ire¬ 
land. Anew cable was manufactured by the Guttapercha 
Company, the core having been designed by Messrs. Glass, 
Elliot & Co. In its general character it was similar to 
the former one, but the construction was very greatly 
improved. 

As the results of tho 1857 expedition had shown the 
inconvonience of employing two vessels to lay the cablo 
simultaneously, the “Groat Eastern," of 22,500 tons, was 
chartered to carry tho ontiro cablo, which was coiled on 
board in three immonse iron tanks, and Captain, now Kir 
James, Anderson was appointed to command tho vessel, 
Mr. Canning being engaged as engineer, and Professor, 
now Sir William, Thomson and Mr. F. Varloy as elec¬ 
tricians. The Irish shore end, which had been made by 
Henley of Woolwich, was laid down by a smaller vessel 
on the 26th of July, 1865, and was joined to tho main 
portion on board the “Groat Eastern” on the following 
day, when the process of paying out tho cable was at once 
begun. 

On the 24th of July, after 84 miles of cable had boon laid 
down, a fault was discovered in tho portion which had boon 
submerged, and ten and a half miles of cablo hail to be 
wound in before the fault was got on board, when it was 
found to be due to a small piece of iron which had pone” 
trated the insulating covering, and made connection between 
the copper core and the water. 
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A second fault occurred when 710 miles of cable had 
been laid down, and this also was successfully repaired. A 
third fault was observed on the 2d of August, after 1,180 
miles of eablo had been paid out, and the cable had to be 
wound in from a depth of about two thousand fathoms. 
A 1'ter about a mile of cable had been recovered an acci¬ 
dent occurred to the picking-up machinery, and it became 
necessary to stop the ship; it was therefore temporarily 
at the mercy of the waves, and the cable, unable to bear 
the strain to which it was subjected, parted and was lost 
overboard. 

Several attempts were made, by means of grapnels, to 
pick it up; but although the engineers succeeded in getting 
hold of the cable, tins tackle was not strong enough, and 
gave way in ('.very ease before it was brought to the sur¬ 
face. Ultimately, the attempts had to bo abandoned, as all 
the picking-up tackle was exhausted. This disaster rained 
the Atlantic Company financially, and there appeared very 
little prospect of raising the capital for another attempt; for 
many of the original contributors wen', dead, while, others 
had begun to despair of the ultimate success of the project 
as a commercial enterprise, and preferred the certainty of 
losing what they had already put into it, to the risk 
of investing further capital in what scarcely seemed more 
than a forlorn hope. 

This, however, was fortunately not the opinion of Mr. 
John Ponder and a few others who shared his faith in the 
ultimate success of the enterprise; and the Anglo-American 
Company was formed, with a capital of X000,000. to carry 
on the work of the defunct Atlantic Company. 

The first object of the new company was to lay down 
a new and improved cable; and the second, to endeavor to 
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repair and complete the former one. Negotiations for tho 
manufacture of a new cable were therefore opened with 
Messrs. Glass, Elliot & Co., and with the Guttapercha 
Company; but the latter found it was giving up much of 
its ordinary business in order to carry out this one attempt, 
which, if it were unsuccessful, might involve them in ruin, 
and they refused to proceed with the work unless they 
received a guarantee amounting to a quarter of a million. 

Delay at this moment would have been fatal to the 
project, and would have involved tho loss of all the capi¬ 
tal, amounting to nearly two millions, which had ft 1 ready 
been expended; but when Mr. Ponder was informed by the 
company of their demand, he simply asked whether his 
personal guarantee would suffice; and on being told that 
it would, he at onco gave it, and tho work was put in hand 
forthwith. 

Anothor cable was made very similar to tho former 
one, except that tho iron wire, used for armoring tho 
cable, was galvanized to protect it from tho disintegrating 
action of the water. 

New paying-out and picking-up machinery of a greatly 
improved type, and driven by an engine of seventy horse¬ 
power, was placed on board tho “Great Eastern”; and the 
“Medway” and “Albany,” which were to assist tins “Great 
Eastern,” wore provided with similar machinery Two vrs 
sels of the British Navy, the “Terrible” and the “Hue 
coon,” were told off to accompany the expedition, mid 
render any additional assistance that might be required. 
The shore-end of the cable was laid down in the Bay of 
Foilhommerum on the 7th of July, 1866, and on the 13 th 
the junction with the cable stored on board the “Great 
Eastern” was effected, and the latter vessel started on its 
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voyage to Newfoundland, where it arrived on the 27th of 
July, after having beon successful in laying the 1,852 miles 
of cable without any mishap. The cable was laid along the 
lino previously marked out, which was, as already stated, 
twonty-sevon miles to the south of the old cable. 

Oil tlio {)th of August the “Groat Eastern,” accompanied 
by the “Moil way,” put to sea to endeavor to find and pick 
up the old cable, and throe days later they mot the “Terri¬ 
ble” and the “Albany,” which had beon despatched eigh¬ 
teen days earlior to endeavor, in tho first placo, to find, by 
means of astronomical observations, the place whore tho 
cable had been abandoned; and, secondly, to begin drag¬ 
ging for it. When tho “Great Eastern” arrivod, tho “Al¬ 
bany” had already grappled tho cablo, lifted it a certain 
distance, and supported it by attaching it to a buoy; but 
the chain had broken, so that tho cablo had fallen back to 
tho bottom, carrying with it about two thousand fathoms 
of chain. Canning’s plan for picking up the cable was that 
the “Great Eastern,” tho “Terrible,” and tho “Albany” 
should drag for it simultaneously, and when they had grap¬ 
pled it, and lifted it to a certain height, tho “Medway” was 
to cut it on the westerly side, so as to allow tho Valontia 
end to bo picked up. Several times the vessel succeeded 
in getting hold of tho cablo, and once it was brought to 
the surface, but it slipped out of the grapnel as attempts 
wore being made to attach a chain to it. At last, however, 
on the 18th of August, tho cablo was grappled and lifted to 
within H(H) fathoms of tho surfaoo, when the chain to which 
the grapnel was attached was fastened to a buoy. The 
“Groat Eastern" then began to drag three miles to the 
west of the buoy, and tho “Medway” two miles to the west 
of the “Great Eastern,” and both vessels succeeded in got- 
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ting hold of the cable, the position of which was thou as 
shown in Fig. 39. The “Medway” then cut tho cable 
by means of a cutting grapnel at a depth of 800 fathoms. 

The part grappled by tho “Groat Eastern” was llion 
at a depth of 800 fathoms, the process of lifting it having 
been stopped at that depth, as tho strain upon tho grapnel 
had risen to over twenty tons, and it was feared that any 
further increase would causo it to give way. When, how¬ 
ever, the cable had been cut by tho “Medway,” tho strain 
diminished to ten or eleven tons, and tho “Great Eastern” 
recommenced the work of picking up. It was got on board 
and connected with the eloctrical instruments on tho 2d of 



September, and the happy result was immediately signalled 
to Valentia. Tho extra cablo which had been provided for 
repairing the old one was then joined to tho latter, and tho 
“Great Eastern” began laying it down in tho direction of 
Newfoundland, arriving safely at tho Bay of Heart's Con¬ 
tent on the 8th of September, when it was attached to tho 
shore end, which tho “Medway” then proceeded to lay 
down; and the same evening communication was estab¬ 
lished through it between Newfoundland and Valentia. 
The total length of oable laid down amounted to 1,89(1 
miles. 

During this second expedition the vessel was com- 
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manded, as before, by Captain Anderson, and Mr. Can¬ 
ning directed the operations of laying and repairing, while 
Professor Thomson and Mr. Willoughby Smith were in 
charge of the electrical tests on board, and Mr. Yarley 
remained at Yalentia to superintend the testing opera¬ 
tions there. Since the successful laying of the Atlantic 
cable in 1866, new cables have been laid down in grad¬ 
ually increasing numbers almost every year, until at pres¬ 
ent they form a complete network, connecting, in conjunc¬ 
tion with the overland telegraphs, all the more important 
places in the civilized world. The experience thus gained 
has of course led to many improvements in the construc¬ 
tion of the cables, in the methods of laying them down, 
and picking them up for repairs, and in the apparatus 
used for transmitting and recording signals. 

Cables are often made with several separato conductors 
instead of only one, the different terminals being connected 
to different lines on shore; but whether one conductor or sev¬ 
eral are employed, each of them is now invariably made, 
not of a single copper wire, but of several wires, usually 
three or seven, as this is found to entirely obviate the 
difficulty arising from the brittleness of solid copper wire, 
which caused a great deal of trouble in the earlier cables, 
as the solid wire was found to break after being bent 
a few times. 

The covering of hemp or jute, which is spun round 

the insulated core to serve as a pad or protection against 
the pressure of the iron wires forming the armor of the 
cable, is usually known as the “strointf*; and when the 
cable is made up of several separate conductors, they 
are usually arranged in a circle round a central core 
of hemp or jute known us the “worming ” 
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In the earlier cables botli the serving and the worming 
were saturated with tar, in order to diminish their liability 
to decay in the water; but Mr. Willoughby Smith found 
that tar temporarily mended small defects in the insulation, 
and might therefore prevent any injury to the core from 
being discovered in time to allow of its being repaired before 
the cable was laid down; while it was not a sufliciently good 
insulator to mend the fault permanently, and therefore it 
is now no longer used, the hemp being tanned instead. 
In shallow waters submarine telegraph cables are very liable 
to injury, either from anchors dragging over them, or from 
their being chafed againBt a rocky bottom; or again from the 
attacks of various submarine animals, such as the Teredos, 
which will boro into a cable as it would into timber, if any 
portion of the armor is removed by injury. It appears, 
however, to confine itself to the exposed portions, and will 
not bore into those portions of the hemp which lie under¬ 
neath the iron wires. There is also a ease on record of 
a swordfish having left its weapon buried in the insulating 
coating of a telegraph cable. 

When any such fault occurs its presence can be do'oeted, 
and its position ascertained, by electrical tests made, cither 
at one end of the line, or at both ends simultaneously, with 
the aid of adjustable resistance which is inserted into tho 
circuit between tho end of tho cable and tho earth connection. 

This adjustable resistance consists of a series of coils, 
the resistances of which are all known multiples of a definite 
unit, usually the Legal Ohm. Tho resistance per mile of the 
cable is known from tests mado before it is laid down, and 
when a fault occurs the electrical tests enable the resistance 
of the cable between the fault and oither end to bo deter¬ 
mined, and therefore the distance along the cable at which 
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the fault occurs is obtained by simply dividing the total 
observed resistance by the resistance of a mile of the cable. 

The first successfully-laid Dover and Calais cable, and 
the other short cables which were laid shortly afterward, 
were worked by means of needle instruments, or other ordi¬ 
nary telegraph apparatus then in use on overland linos. 
None of these, however, was sufficiently delicate to give 
good results over a great length of cable, and they were 
therefore very soon displaced by the mirror galvanometer. 
It has already been mentioned that this instrument was 
originally devised by Gauss and Weber, and employed on 
their telegraph line at Gottingen. It was subsequently very 
much improved by Sir William Thomson, and one of the 
instruments made by him was employed at Valentia during 
the few weeks that communication was possible through the 
cable of 1858. 

Thomson’s astatic reflecting galvanometer, now employed 
for submarine cable work, consists of a pair of magnets con¬ 
nected rigidly together in such a way that when suspended 
by a silk fibre they will hang horizontally one above the 
other with similar poles pointing in opposite directions. 
The two magnets are of as nearly equal strength as it is 
possible to make them, so that when placed in a magnetic 
field the directive force acting on them is very much weaker 
than it would bo upon a single magnet only. The magnetic 
field is usually produced by means of a small magnet bent 
in a vertical plane in the form of a circular are, and made 
to slide upon an upright rod attached to the ease of the 
instrument. 

This is more convenient than using the earth’s magnetic 
field, because, by imams of the adjustable magnet, the sus¬ 
pended magnets can be made to turn in any desired direc- 
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tion. These suspended magnets are exceedingly small and 
light; and each of them is attached to the back of a small 
mirror formed of silvered microscope glass. A very large 
number of turns of exceedingly fine silk-covered copper 
wire are then wound round the pair of suspended magnets 
in a coil having the shape and position of a vertical figure 
of 8. The result of this is, that whatever the direction of 
the current through the coil, the effect of the portions sur¬ 
rounding each of the two suspended magnets is to turn them 
both in the same direction. 

The resistance of a galvanometer of this kind is very 
high, generally from soven thousand Ohms upward, but this 
does not produce any sensible diminution in the strength 
of the current, which by Ohm’s law is equal to the electro¬ 
motive force divided by the total resistance, because the 
resistance of the cable is so great that the galvanometer 
resistance does not increaso it by any perceptible proportion 
of the whole. 

The object of using exceedingly lino wire is to enable 
a very large number of turns to be wound in very close 
proximity to the suspended magnet, in order to magnify 
as much as possible the effect of the weak current passing 
through the cable. 

In reading a message by means of the mirror galvanom¬ 
eter, it is placed closo to the obsorvor; and opposite to it, 
at a considerable distance, is placod a horizontal scale, at the 
centre of which is a small vortical slit. A lamp is placed 
beyond this slit, and its rays, concentrated by moans of 
a lens, are allowed to fall upon the mirror, and reflected 
back upon the scale. The observer watches the motion of 
the spot of light upon the scale, and the reader will oasily 
see that a very small motion of the mirror will bo sufficient 
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to give a perfectly perceptible motion to the spot of light. 
The dots and dashes of the Morse code are indicated by 
motions to the right and left respectively of the centre 
of the scale. 

It is exceedingly fatiguing to the eye to watch the mo¬ 
tion of the spot of light in the mirror galvanometer for any 
length of time, and although the instrument is still largely 
employed for making electrical tests, it has been to a great 
extent superseded for signalling purposes by the “Siphon’ ’ 
recorder, a most beautiful and ingenious instrument, which 
is also the invention of Sir William Thomson. The construc¬ 
tion of this instrument is far too complicated for me to tax 
my readers’ patience by describing it in detail, but its gen¬ 
eral principle is very easily understood. 

A flat coil of very thin wire, in circuit with the line, 
is suspended by means of silk fibres between the poles of 
a powerful electro-magnet, in such a way that when no cur¬ 
rent is passing through it, it hangs with its plane vertical 
and passing through the line joining the poles of the electro¬ 
magnet. When a current is sent through the suspended 
coil the latter behaves like a magnet, just as in Ampere’s 
experiments, and tries to set itself with its plane perpen¬ 
dicular to the line joining the poles of the electro-magnet. 
The suspended coil is made to communicate its motions by 
means of fine silk fibres to a very fine glass siphon, one end 
of which dips into an insulated metallic vessel containing 
ink, while the other extremity rests, when no current is 
passing, just over the centre of a paper ribbon which can 
be carried underneath it by means of clockwork. When 
the instrument is to be used, the vessel of ink is connected 
with mi electrically charged conductor, the effect of which 

is to drive the ink out of the siphon in small drops. The 
Suusnob—Y oii. XIII—8 
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clockwork is at the same time set in motion, the result being 
to draw a fine dotted line along the centre of the ribbon. 

When currents are sent through the line the point of the 
siphon moves alternately above and below the line, drawing 
a wavy instead of a straight line, and this wavy lino gives 
a permanent record of the message, the motion of the siphon 
above the central line corresponding to the dots of tho Morso 
code, and its motion in the other direction corresponding 
to the dashes. It has already been mentioned that White- 
house found in his experiments, preliminary to tho first 
attempt to lay an Atlantic cable, that the rapidity of signal¬ 
ling could be greatly increased by sending currents alter¬ 
nately in opposite directions through the line. This he 
himself attempted to effect by the use of a small magneto 
machine, but a more satisfactory mothod is to alternately 
connect the copper and zinc poles of tho battery at tho 
transmitting station with the cable, tho end not in connec¬ 
tion with the cable boing at tho saino moment put to earth. 
In order to obtain tho best effects, tho duration of tho 
different currents in opposite directions should bear definite 
ratios to one another, depending of course on the succession 
of signals to be sent. It is very difficult to do this satisfac¬ 
torily with any form of key oporated by hand, but it is dono 
most effectively by means of tho automatic curb transmitter, 
an instrument devised by Sir William Thomson for use 
with the siphon recorder, and which automatically makes, 
breaks, and reverses tho contacts as required, under the 
guidance of a strip of punched paper similar to that em¬ 
ployed with tho Wheatstone automatic transmitter, which 
was described in the last chapter. 
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CHAPTER XU 

TIIK T K L K I* It O N K 

T HE first recorded attempt to traiiHmit speech by eleo- 
trinity wits math) by Philipp Rein, a Gorman school¬ 
master, who began bis researches in the year 18(H). 
His lirst transmitter was formed outoft.hu bung of a beer- 
barrel, hollowed out, and having one cud closed with the skin 



of a German sausage to servo as a membrane. A somewhat 
less primitive form of the instrument is shown in Fig. 40. 
It consisted of a cube of wood, hollowed out in a oonical 
form, and having the smaller end of this hollow closed with 
a -very fine stretched membrane. A narrow springy strip of 
platinum foil was attached to tlio upper binding screw, as 
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shown in the diagram, while its lower end rested against 
the centre of the membrane. A second platinum strip, 
provided with a contact point, was attached to the lower 
binding screw, and, by moans of the adjusting screw shown 
in the illustration, was made to just touch the lower end 
of the first platinum strip. 

The two binding screws wore placed in circuit with the 
battery and with the line through which messages wore to 
be sent. Eeis’s original receiver, shown in Kig. 41, con¬ 
sisted simply of a violin, upon the bridge of which was 
stuck upright a knitting-needle, surrounded by a coil of 

silk-eovored copper wire. If 
a musical note was sounded 
opposite the larger end of the 
hollow of the transmitter, the 
membrane was thrown into 
vibration, making and break¬ 
ing the circuit once at each 
complete vibration. As often 
as the circuit was completed 
the knitting-needle was mag¬ 
netized by the coil surrounding it, and demagnetized when 
the current was broken. Now, it was explained in a former 
chapter that when a piece of iron is suddenly magnetized or 
demagnetized a slight sound is hoard, and as the number 
of magnetizations and demagnetizations in a second was 
equal to the number of vibrations corresponding to the note 
sounded at the transmitter, the result was that the note was 
reproduced. Reis attempted to use his instrument for trans¬ 
mitting words spoken into the transmitter, but he does not 
seem to have been able to do moro than occasionally reproduce 
a single syllable or short word, and that very indistinctly. 
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Wo now know that the reason of this was that the 
sounds emitted by the human voice are of much too com¬ 
plicated a nature to be reproduced by any apparatus which 
simply makes and breaks the circuit, and although Profes¬ 
sor S. P. Thompson has boon more or less successful in 
transmitting articulate sounds by means of instruments of 
similar construction to those of Hois, it has only boon by 
very carefully adjusting the contact-breaking spring, and 
speaking to it very softly, so as only to vary the pressure 



between the two platinum surfaces instead of actually break¬ 
ing the contact. Hois made a great number of other trans¬ 
mitters of an imperfect form, one of which is shown in 
Fig. 42. It consisted of a double olectro-mngnot about six 
inches in length, laid horizontally upon a wooden sound¬ 
ing-board. Iti front of the poles of the electro-magnet was 
placed an iron rod of elliptical section, attached to a 
wooden lath supported on a cross wire, and capable of 
having its position regulated by means of the upper atljust¬ 
ing screw, and a tension spring attached, as shown, to the 
lower screw in the illustration. 
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It is curious that though Reis provided his transmitters 
with elaborate mouthpieces, he never attempted anything 
of the Mud for the receiver, although subsequent experi¬ 
ments have shown that it ts a much more important feature 
in the latter case than in the former. 

The first speaking telephone was the invention of Alex¬ 
ander Graham Bell, a Scotchman who had settled in the 
United States and become a naturalized American citizen. 

The first telephones constructed by Bell were not speak¬ 
ing ones, and one of these earlier forms is shown in Fig. 48. 
The same instrument served either for transmitting or ro- 



Fio. 43. 


ceiving the message, and consisted of a pair of harps formed 
of steel rods attached to the polos of a permanent magnet, 
NS, and having their free ends respectively above and 
below the soft iron coro of an electro-magnet, F. 

Two such instruments are shown in the diagram con¬ 
nected up ready for use; one end of the coil of each electro¬ 
magnet is earth-connected, and the other two ends are 
connected with each other through the line. 

If one of the bars of the harp IT is thrown into vibration 
mechanically, or by singing to it or playing a musical note 
in its neighborhood, it will send an undulatory current, of 
a period corresponding to that of the note, through the lino, 
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and, this will set in vibration the corresponding rod of the 
harp II—that is to say, tho rod giving the same note as that 
which was sounded at tho transmitting station; the reason 
that one of the rods will respond to a note sounded near 
it is that its period of vibration is equal to the period of tho 
noto, so that tho successive impulses caused by tho waves 
striding the rod all tend to increase tho vibration instead 
of counteracting oach other’s effects. A familiar example of 
exactly the same phenomenon is given by tho well-known 
fact that if the sounding-board of a piano is lifted and 
a certain noto sung above tho strings, it will be taken up 
by tho string giving the same note. Tho study of the notes 
required to produce the different vowel sounds shows that 
if a piano were made with a sufficient number of strings 
to each octave, or a harp such as that used by Bell with 
a sufficient number of rods, vowel signs could be perfectly 
reproduced by setting them in vibration one after another. 
Bell pursued this idea for some time, as he thought it might 
give a convenient means of sending a number of messages 
simultaneously along the same line. This was to be effected 
by a pair of notes being selected for each pair of instru¬ 
ments, to give signals corresponding to dots and dashes 
respectively, a different pair of notes being used for each 
such pair of instruments. 

The clerk at the transmitting station would simply have, 
by means of a suitable key, to sot his pair of rods in vibra¬ 
tion in tho proper manner to transmit a message. At each 
receiving station a number of the rods actuated by the send¬ 
ing instruments would be vibrating together, but it was sup¬ 
posed that each clerk would be able to pick out the two 
notes which it was his business to attend to, and to train 
Ms ears so as to distinguish these while neglecting the 
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others. The plan might possibly be a success if telegraph 
clerks invariably possessed accurately trained musical ears, 
but unfortunately comparatively few persons possess the 
power of training their ears to the extent which would 
be necessary. 

After a long series of experiments, the transmitter 

shown in Fig. 44, and the 
receiver shown in Fig. 45, 
were constructed, and these 
are of special interest as be¬ 
ing the first pair of instru¬ 
ments that could really be 
said to form a speaking 
telephone. They were exhibited in Philadelphia in 1876, 
and at the meeting of the British Association in the same 
year. Sir William Thomson excited a widespread interest 
by exhibiting this receiver to the meeting at Glasgow, and 

giving an account of the re¬ 
sults obtained by Mr. Bell in 
the same year. 

The first public exhibition 
of the speaking telephone in 
England was given by Mr. 
Preece at the Plymouth meet¬ 
ing of the British Association 
in 1877, when the Glasgow re¬ 
ceiver had been abandoned, and the transmitter modified 
into a form not differing greatly from that shown in Fig. 46, 
which represents the Bell receiver now in use, and which 
was used for some time both as receiver and transmitter. 
It consists of a case made of wood or ebonite, the latter 
being now almost universally employed, containing a per- 
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manont stool magnet, a, opposite which is a vibrating plato, 
pp, made of thin steel. 

Tho distance between the magnet and tho plate can be 
adjusted by moans of the screw, d. On the N end of the 
magnet is placed a small boxwood reel, hi, wound with silk- 
covered copper wire, the ends of which arcs connected by 
means of tho terminals, hh, with the line LS. Tho mouth¬ 
piece, VV, is fastened by means of two screws, ff, to the 
projecting llango UU, of the case, and holds the vibrating 
diaphragm in position. This diaphragm is made of a ferro¬ 
type plate such as that used by photographers, which gives 



a much clearer intonation than the membrane's employed in 
the earlier instruments. The principle of these instruments 
is similar to that of the harp telephone first made by Bell, 
except that the harp, which can only produce a limited num¬ 
ber of definite notes, is replaced by the steel diaphragm, 
which reproduces with more or less clearness all the notes 
which go to make up the human voice. 

As in the former Instrument, no buttery is required, the 
modulatory current being produced by tho vibrations of 
the diaphragm spoken to, and reproducing the sound in 
the receiving instrument, by setting up vibrations in its 
diaphragm, synchronous with those of the first. 
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The next advance in telephony was made by Edison’s 
invention of the carbon transmitter. This instrument, which 
is shown in Eig. 47, was based on the discovery, made by 
Du Moncel in 1866, that an increase of pressure between 
two conductors in contact causes a diminution in the elec¬ 
trical resistance of the circuit of which they form a part. 
E is an ebonite mouthpiece, D a vibrating plate, and I a 
disk of prepared carbon about the size of a shilling, the 
distance of which from the vibrating plate can bo adjusted 
by means of the screw, Y. A small platinum plate, 11, 
carrying a rounded ivory button, b, is fixed to the upper 



Fro, 47. 


surface of the carbon disk. When the membrane is set in 
vibration by speaking to it, the vibrations aro communicated 
to the carbon by means of the small platinum plate; and the 
variations of pressure produced in this way cause a variation 
in the electrical resistance of tho contact, and therefore set 
up a series of undulations in a battery current made to 
traverse the circuit. In practice it is found better, when 
using the carbon transmitter, not to placo tho receiver in 
circuit with the battery and transmitter, but to allow tho 
undulatory current from tho latter to trnvorso tho primary 
wire of a small induction coil, and to placo tho roooivor in 
circuit with the secondary wire of the same coil, in which 
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unduktory currents aro prod wood by the inductive action 
of the original current. 

In the Bumo year that Edison devised the carbon trails* 
mittcr, Mr. IIugheH read a paper before the Royal Society 
In which he described an instrument of a very similar char¬ 
acter, to which ho gave the name of the “microphone.” 
A simple and efficient form of this instrument is shown 
in Fig. 48, and consists of a pencil of gas earl ion (via., tho 
residue left in a gas retort when tho gas has Insctt oxjRdled 



from tho coal) pointed at each end and resting in cups, CO, 
of a similar material. When this instrument is eonm« t«d 
through a battery, B, with a circuit, XY, containing u tele* 
phono, It is found to act us a very powerful telephone trims* 
mitter, and the slightest touch against the pencil will pro* 
duee a grinding noise in tho telephone. If the instrument 
is allowed to rest on a small wooden match-Itox in which 
a fly is walking, tho noise produced by its motions 
M distinctly heard in a telephone in circuit with th© 
microphone. 
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A large number of carbon transmitters of various kinds 
have been devised by different inventors, all of them modifi¬ 
cations, not of Edison’s transmitter, but of Hughes’s micro¬ 
phone. Of these it will be sufficient to describe the Blake 
transmitter, which is the one universally used in connection 
with the telephone exchanges in Great Britain. It consists 
of a small wooden frame, II, Pig. 49, hollowed out in the 
centre so as to form a mouthpiece, a, and carrying on its 
reverse side an iron ring, rr, Pig. 50, to 
which are screwed two pieces, bb 7 oppo¬ 
site to each other. These are connected 
by the conducting rail c, which is kept 
in position by means of the brass plate m 
and the screw n. The iron diaphragm a 
is placed immediately behind the funnel- 
shaped mouthpiece a. Between the dia¬ 
phragm and the vertical rail c, the upper 
part of which is Lent at right angles, 
there is an interval of about three- 
quarters of an inch. 

A strip of insulating material, t, car¬ 
ries a thin flexible steel spring, f the 
lower end of which terminates in a 
small platinum button pressing on one 
diaphragm, and on the other against a 
small carbon disk, fastened to a small brass plate, p* 
The latter is fastened to the lower end of a flat spring, 
ffj the upper end of which is fixed, as shown, to the 
shorter arm of c. The spring g is coated with gum, and 
is only in electrical connection with the spring / by means 
of the platinum contact. The diaphragm e is contained in 
the India-rubber ring w, Fig. 60, and is kept In position 



Fra. 49. 

side against the 
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by the springs pp' which am screwed to the ring r The 
frame II forms the door of u smuli case containing the 
induction coil, R. Tho current pusses from one jh»1c of 
the battery, through the primary coil, over Urn ring r, tho 



tipper piece t, the brass plain m, tho upper arm *4 tho mil 
tf, tho spring g, the brass plate p, the cart ton d tt. *»u| 
lit® platinum contact of the sprite?/, lack to the other polo 
of the battery, the secondary coil being placed, m blot® 
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explained, in circuit with the line and receiver. When the 
diaphragm e is thrown into vibration, tho vibrations are 
transferred to the spring /, causing a variation in the press¬ 
ure between the platinum contact and tho carbon disk k. 

According to Mr. Preece, from whose book on tho tele¬ 
phone the above description is taken, the articulation of this 
instrument is inferior to that of many others for long dis¬ 
tances, although for short distances it is very good. Before 
proceeding to give an account of tho manner in which tho 
telephone is employed in commercial and every-day life, 
it will be of interest to notice briefly some special forms of 
telephonic apparatus. 

Edison's Loud-Speaking Telephone .—This instrument is a 
most ingenious form of telephone receiver based upon the 
discovery made by the inventor that if a metallic plate were 
allowed to slide over certain prepared surfaces, such as 
chalk moistened with an easily decomposed electrolyte like 
potassic iodide, the frictional resistance to sliding could 
be very greatly diminished by passing a current through 
the contact. The instrument is shown in Fig. 51. A is a 
chalk cylinder, which can be turned at a regular speed 
by a set of multiplying wheels drivon by tho handle W. 
C is a strip of platinum supported by a thin mica diaphragm, 
and made to press with a constant pressure against tho 
cylinder by the spring S, which is capable of adjustment 
by the screw E. The current from the transmitter flows 
tnrough the support H to the chalk cylinder A, and thenco 
through the platinum strip C and tho wire D to earth. 

When the cylinder is made to rotato, the friction between 
it and the strip 0 displaces the latter in the direction of 
motion, the displacement being greater the greater the 
friction. 
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Every variation m the undulatoiy current, sent through 
the contact by means of the transmitter, will produce a cor¬ 
responding variation in the friction, causing the mica disk 
to vibrato in exact synchronism with the diaphragm of the 
transmitter. Instruments of this typo were at one time sup¬ 
plied for uso in private houses, but although they spoke 
much more loudly than the ordiuary Boll receivers, they 
were found exceedingly troublesome, because the cylinder, 



in order to work satisfactorily, must be neither wet nor diy, 
but only just moist, and therefore requires very careful 
attention. It acta best when it has l>een slightly moistened 
with a camel hair brush from twelve to twenty-four hours 
before using it. To get really good results with this ap¬ 
paratus it is essential that the cylinder should be made 
to rotate with uniform velocity. This can be effeoted much 
more satisfactorily by means of elookworlc than by hand. 
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but aa the clockwork requires heavy weights to drive it, 
such an apparatus is more suited for exhibition than for 
practical use. When carefully adjusted, its reproduction 
of speech and musical sounds is very loud and distinct. 
It may be of interest to illustrate this by describing some 
of the results which I obtained when using a very fine 
instrument of this character, which had been loaned by 
the United Telephone Company for a lecture on the Tele¬ 
phone, delivered in the schoolroom attached to a church 
in Kensington. The telephone company had, in addition 
to lending this and other apparatus, kindly connected the 
schoolroom for the evening with their exchange system, 
and in the course of the evening communication was estab¬ 
lished between the lecture-room and the telephone exchange 
at Brighton. The loud-speaking telephone was placed on 
its stand in front of the platform, and stood about five feet 
above tho ground. A comet-player had been sent down to 
Brighton, and played his comet opposite a carbon trans¬ 
mitter of a form somewhat different from either of those 
described, and more suitable for the transmission of the 
musical notes, which wore reproduced by the Edison instru¬ 
ment with the greatest clearness, and so loudly as to be 
hoard in every part of the lecture-hall. The voice of the 
speaker at tho Brighton exchange was also very clearly 
reproduced; and although the reproduction was not so loud 
as in the case of the cornet, the words spoken were heard 
distinctly at a distance from twenty to thirty feet from the 
instrument. 

The Photophone .—In the year 1878 Mr. Willoughby 
Smith discovered that when selenium was exposed to 
light its oleotrical resistance varied with the intensity 
of the light falling upon it, and shortly afterward Pro- 
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lessor "W. G. Adams found that a ray of light falling upon 
a bar of selenium produced an E.M.F., causing the selenium 
under the influence of light to aot like a small battery. Mr. 
Graham Bell and Mr. Tainter, after a long series of experi¬ 
ments, succeeded in constructing an apparatus in which this 
property of selenium was utilized for the reproduction of 
sound at a distance by the aid of luminous rays. The 
transmitter and receiver in their latest form are shown in 
Figs. 62 and 58. The transmitter, Fig. 62, consists of a 
simplo telephonic box, B, provided with a mouthpieoe and 



a membrane of mica plated with silver, forming a mirror 
on which ray* of light are direoted by means of an arrange¬ 
ment of mirrors and lenses, such as M, L, A in the diagram, 
from some powerful source, such as an electric lamp, or, 
better still, the sun. The rays, after reflection from the 
silvered surface of the membrane, are made parallel by pass¬ 
ing through the lens, l,, and the position of the instrument 
is adjusted so that these rays may fall upon the parabolic 
reflector, 00, of the receiver, shown in Fig. 68- This stir¬ 
rer is formed of copper, plated with silver, and to its Isons 
is fixed a selenium cell, 8, to circuit with tbs battery. 
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P, and a pair of telephones, TT, which arc placed to the 
ears of the listener, as shown in the illustration. 

Dr. Chichester Belt's Water-Jet Telephone Transmitter .— 
In the year 1886 Dr. Chichester A. Boll read a paper at the 
Royal Society on “The Sympathetic Vibrations of Jets,” in 
which he gave an account of a series of experiments, some 
of which led to the invention of the water-jot trans¬ 
mitter. When a jet of water issues from a narrow 
orifice it gradually becomes 
discontinuous, breaks up 
into drops, as shown in Fig. 

54, which is taken from an 
instantaneous photograph. 

One of Dr. Bell’s early ex¬ 
periments in this direction 
consisted of producing 
sounds by communicating 
either mechanical or acous¬ 
tic vibrations to a jot of this 
kind. The apparatus em¬ 
ployed is shown in Fig. 55. 

? It consists of a membrane 
I of stretched India - rubber, 

• forming a cap to a brass 

* tube which can bo raised 
or lowered by sliding in a 

larger tube resting on a heavy stand. The upper tube has 
an orifice at one side of the upper end, to which is attached 
a vulcanite trumpet. When a jet of water is allowed to fall 
upon the stretched membrane, either mechanical or sound 
vibrations communicated to the jot can bo reproduced. 
The loudness and distinctness of the resulting sound both 



Flo.86. . 




THE TELEPHONE 


185 


Increase up to a cortain point as the distance of the mem¬ 
brane from the orifice is increased, but after passing this 
point, though the sound continues to increase in loudness, 
it begins to lose its distinctness, until ultimately it becomes 
a mere unmusical roar, when it will be found that the jet has 
become discontinuous above the mombrano. When the jet 
is carefully adjusted so as to obtain tho best effects, the 
loudness of the sounds produced is very striking; for exam¬ 
ple, if the board to which tho tube is attached is scratched 
with the finger, or if a watch is hold in contact with tho 
tube, the sounds produeed can be heard distinctly through¬ 
out a room containing several hundred people. If tho jet 
is allowed to fall upon the top of a narrow vertical rod, it 
spreads out into a nappe; and Dr. Bell found that this 
nappe was capable of responding to vibrations just like 
the jet, and it is this property which is utilized in tho 
construction of the water-jot transmitter. The principle of 
the instrument consists in including tho nappe of a jot 
of conducting liquid in a circuit traversed by a current 
from a battery, and containing an ordinary telephone. Tho 
nappe formed by the impact of a steady jet retains a con¬ 
stant diameter, but when thrown into vibration it undergoes 
periodic changes in diameter, and therefore also in resist¬ 
ance, which Dr. Bell considers to be duo in part to the 
changes in diameter, and in part to changes in the contact 
resistance, arising from the motions of the particles of 
liquid, so that the ourront passing through tho circuit un¬ 
dergoes corresponding continuous vibrations in strength, 
as in other forms of telephonic transmitters. The simplest 
way of passing a current through it consists in allowing the 
jet to strike normally upon the exposed end of a platinum 
wire imbedded in an insulator which is impervious to, and 
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unaffected by, the liquid employed, and which is sur¬ 
rounded by a platinum ring which comes in contact with 
the outer portions of the nappe. 

The most suitable liquid consists of water acidulated 
with about 3 Jo of its volume of pure sulphuric acid. 

The battery must be of highE.M.F., but its resistance 
is of little consequence, owing to the high resistance of the 
transmitter. A battery of about twenty small zinc-carbon 
cells, charged with a solution of sal-ammoniac, gives very 
good results with the liquid described, but the number of 
cells may be increased with advantage, not, however, to 
such an extent as to electrolyze the liquid, as the noise 
produced in the receiving telephone by the escape of gas 
bubbles would drown the sounds due to the vibratory 
changes in the jet The pressure required increases with 
the size of the jet, and with jets of the most suitable size 
a pressure of a little under three feet of water gives the 
best results. 

A simple experimental form of apparatus is shown in 
Fig. 56. The jet tube, J, is mounted on the sound-board 
S. The receiving surface is formed by the end, E', of an 
ebonite plug. A platinum wire, E, passes water-tight up 
the plug, and its upper exposed surface forms the inner 
electrode of the transmitter. The outer electrode, E', con¬ 
sists of a small tube of platinum foil concentric with the 
upper extremity of the wire E, and insulated from it by 
the ebonite; After it has been fitted on, the top of the 
ebonite plug is turned off, so as to present a smooth con¬ 
tinuous surface, slightly convex. 

Fine platinum wires welded to E and E' serve to connect 
them with the terminals of the circuit. C is an ebonite cup 
which supports the plug, and receives the waste water which 
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escapes through, the tube T. F is a filter, closed bj screw 
caps, K and K'. Through the upper cap pass two tubes, 
X and Y, which are connected with a reservoir and the jet 
respectively, by means of black India-rubber tubing. Two 
perforated ebonite disks are fitted within the cylinder, and 



the space between them is tightly packed with coarse cot¬ 
ton, which has been freed from grease by soaking in a solu¬ 
tion of caustic potash, and been thoroughly washed with 
dilute sulphuric acid and water. The filter is necessary to 
keep back particles of dirt which might stop the orifice, and 
also air. bubbles, the presence of which sets up vibrations 
and gives rise to a crackling sound in the receiving telephone. 
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I ha ye made some experiments with an instrument of this 
kind, but with the jet pressed laterally against the sound¬ 
board, which was about a quarter of an inch thick, and was 



fixed in a vertical position. It 
reproduced with perfect distinct¬ 
ness the voice of a person speak¬ 
ing in the tone of ordinary con¬ 
versation at a distance of twenty 
feet from the instrument; and 
when standing in a room with 
an open window, it reproduced 
the sounds of a piano played in 
a room, in which there was also 
an open window, at the opposite 
side of the street. On another 
occasion I succeeded in obtain¬ 
ing an exceptionally clear and 
pure reproduction of the voices 
I of four boys singing in unison in 
a room in which the transmitter 
was placed. When the Edison 
loud-speaker previously referred 
to was used with this transmitter, 
in place of an ordinary Bell re¬ 
ceiver, very good results were 
also obtained. This form of ap¬ 
paratus is, however, not suitable 
for practical work, as in addition 


*to its requiring separate vessels 
to act as reservoir, and to receive the waste liquid respec¬ 
tively, it requires careful adjustment whenever it is to be 


me(L The inventor ias recently devised an apparatus 
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(shown in Fig. 57) which combines simplicity and certainty 
of action with durability. The whole apparatus is inclosed 
in a case of teak or mahogany about three feet high, and 
is protected in front by a cover which opens on hinges, 
and is provided with a lock and key. There is a round 
aperture protected by crossed copper wires opposite the 
transmitting jet, and in using the instrument the mouth of 
the speaker is placed at a distance of a few inches from this 
aperture, as it is neither requisite nor desirable to have 
a jet as sensitive as that of the experimental apparatus 
previously described. 

The electrodes in this instrument are formed of a plati¬ 
num wiro passing up the centre of a glass plug and a con¬ 
centric ring of fine platinum wiro, glass being used instead 
of ebonito on account of its being found more durable. 
The jet and plug are contained in a glass tube attached to 
a wooden box, resting on the bottom of the case, which 
receives the waste liquid. 

The glass plug is rigidly fixed in a vertical position, and 
the jet is centrally adjusted over it by means of tho four 
screws shown at the upper end of the containing tube. The 
filter is soon on the left-hand side of tlxo jot; its exit tube 
has its extremity onlarged into a bell which contains the 
cotton, and tho fibros of this are prevented from passing into 
the narrow part of the tube by means of a piece of cotton 
material placed at the top of the bell. Tho reservoir con¬ 
sists of a second box similar to the first, placed at the top 
of tho instrument, and is filled by taking out a screw plug 
in the centre of its upper side, and pouring the liquid in 
through a funnel. 

The terminals of the receiving telephone are connected 
with the two left-hand binding screws, the lower one of 
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•which, is connected to one electrode of tho transmitter, and 
the upper one to a pair of springs which make contact with 
the lever from which the telephone is suspended, when the 
latter is removed and the supporting hook is allowed to 
rise. The other electrode is connected with the lowermost 
of the binding screws on the right, which is put to earth 
through the battery; the central right-hand binding screw 
is in permanent connection through the call apparatus 
with the line, and also with a spring which makes con¬ 
tact with the telephone levor when the telephone is hung 
up. To speak through the instrument the telephone is 
taken off, but the hook end of its supporting lover is pre¬ 
vented from rising by means of the vertical lever shown. 
The handle on the right-hand side of the case is now de¬ 
pressed, when a pin on its lower end draws back the vertical 
lever and allows the telephone hook to rise, placing the 
telephone in circuit with the lino. 

The telephone lover in rising pushes up a brass rod 
hinged to it, thus lifting tho left-hand end of the lever 
above the reservoir, and opening a valve which allows tho 
fluid in the reservoir to flow down an ebonite tube on 
the left-hand side into the filter. A second obonito tube 
passes from the filter and opons into the top of tho reservoir 
to allow air to escape immediately, if tho filter has run 
partially dry from tho instrument remaining unused for 
some time. The depression of tho right-hand lover at tho 
same time compresses an India-rubber bag shown in tho cen¬ 
tre of the case, and thereby drives air into the lower box 
through an ebonite tube seen on the right-hand side, which 
is provided at its upper end with a valve opening inward, 
and forces liquid from the lower reservoir, through tho other 
ebonite tube on the right hand, into the upper reservoir. 
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The amount of liquid pumped up by one depression of 
the lever is sufficient for about seven minutes’ conversation, 
and as the average length of a conversation would usually 
be less than this, there will be enough liquid in the upper 
reservoir to allow of a longer conversation as often as it is 
likely to be wanted, without pumping up fresh iluid, which, 
however, does not interfere in any way with the conversa¬ 
tion being carried on. The object of the control lover, 
which keeps the telephone out of circuit until the right- 
hand lever is depressed, is to prevent users from forgetting 
to pump up a fresh supply each time. 

The instrument is chiefly valuable for use on trunk lines 
over long distances, as any leakage on the line can bo com¬ 
pensated by using additional battery power, and very good 
results have been obtained with it on lines upward of a 
hundred miles in length, and passing through six or eight 
exchanges, and therefore subject to a considerable amount 
of leakage. 

The Phonograph .—The phonograph is not an electrical 
instrument, and therefore some apology is needed for giving 
a description of it in a volume devoted to the practical 
applications of electricity. Historically, however, it is very 
closely related to the telephone, as it was Mr, Edison’s 
telephonic investigations which led up to the invention of 
this instrument 

Graham Bell, by his invention of the speaking tele¬ 
phone, had made it possible for conversations to be carried 
on irrespective of the distance separating the speakers. 

Mr. Edison supplemented this by his invention of an in¬ 
strument which in its present form enables spoken words 
and other sounds to be permanently recorded and repro¬ 
duced at will at any future time. Some more or leas suc- 
SamNCK—You XIII—9 
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cessful attempts have, moreover, been made by Mr. Edison 
to combine the phonograph with the tolophono, so as to 
enable messages sent through the telophono to be recorded 
at the receiving station in the absonco of a listener, and 
repeated by the phonograph at any convenient time. 

These considerations, combined with the great interest 
attaching to the invention, will, I trust, be considered as 
affording sufficient ground for what at first sight might 



Fig. 58. 

seem like a somewhat arbitrary deviation from tho plan of 
the present volume. 

The original form of the instrument, as designed in tho 
year 1877, is shown in Fig. 68. It consisted of a brass 
cylinder upon whioh a spiral groove was cut, mounted upon 
a screw-threaded axis, and capable of being made to rotate, 
and at the same time move onward in the direction of its 
length, by means of a handle. A hoavy (ly-wheel attached 
to the end of the shaft opposite to tho handle enabled an 
approximately uniform rate of rotation to be maintained. 

A sheet of tin-foil was wrapped round the brass cylinder, 
find on this rested a metallic point attached to a metal 
diaphragm stretched underneath a mouthpiece, as shown 
in the illustration. When the mouthpiece was spoken into, 
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the diaphragm was set in vibration, causing the latter to 
vibrate up and down against the tin-foil just above the 
helical groove-cut in the cylinder, and make a series of 
indentations of varying depth in the foil. The reproducing 
arrangement consisted simply of a second diaphragm, held 
in a tube on the opposite side of the brass cylinder, and 
a metal point which was held against the tin-foil by means 
of a delicate spring. This mouthpiece could be placed in 
contact with the cylinder, or lifted oil it, by means of a 
lever working upon a pivot, and when it was desired to 
reproduce speech or other sounds from the tin-foil record, 
this mouthpiece was simply placed against the cylinder, 
the trumpet shown at the right-hand side of the illustration 
being attacdied to the end of the tube to increase the loud¬ 
ness of the sound, and the cylinder was made to rotate in 
the same direction, and as nearly as possible at the same 
speed as while the record was being made. Much more 
satisfactory results were obtained from this instrument 
when the handle for turning the brass cylinder was replaced 
by means of clock-work, and a very beautiful instrument 
of this kind was made by Mr. Stroll; and was exhibited, 
together with an instrument of the original type, by Mr. 
Preoee, at a lecture delivered before the Physical Society 
of London in March, 1878. This was the first public exhi¬ 
bition of the new invention in this coimtry, and it excited 
the greatest interest, the lecture-room of the Society being 
crowded with members and their friends. 

The meiding itself was perhaps the most uproarious 
meeting of a learned society on record; the mechanical re¬ 
production, in a very ‘Hinny” voice, of such familiar rhymes 
as “Old mother Hubbard went to the cupboard,” and 11 We 
don’t want to fight, but by Jingo if we do, 11 the latter of 
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which was then a favorite music-hall ditty, exciting roars 
of laughter among the audience. Considerable amusement 
was excited by a gentleman who attempted to sing the 
words of “Auld Lang Syne’' into the instrument. After 
completing the line “Should auld acquaintance be forgot/' 
he found that he was singing too high, and he called out 
to Mr. Stroh, who was superintending the instrument, “Stop 
a minute; I will go on in a lower key!” This he proceeded 
to do, but as he had forgotten to take his mouth away from 
the instrument while making his sudden ejaculation, the 
instrument, in reproducing the song, stopped, and repeated 
the observation in exactly the same hurried tone in which 
it was originally made, after which it sang the rest of the 
song in the proper key. 

Edison’s original instrument, however, was nothing more 
than a toy, for in the first place it required very careful 
adjustment; and several attempts often had to be made, 
with a fresh piece of tin-foil each time, before the machine 
could be got to speak; and in the second place, after the 
sounds had been reproduced two or three times, the record 
became worn out; while, lastly, it was impossible to remove 
the tin-foil from the cylinder and replace it without injury. 

Edison made a great many attempts to remedy these 
defects, and among others he tried the effect of using a wax 
cylinder with tin-foil stretched over it, and actually took 
out a patent for this arrangement. His attempts, however, 
were unsuccessful, and ultimately he laid the instrument 
aside, for reasons which it may be as well to give in his 
own words, quoted from an interview published in the 
“Electrical World”—a New York paper—on November 
12, 1887. Speaking of the phonograph, Mr. Edison said— 
“It weighs about me hundred pounds; it costs a mint of 
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money to make; no one but an expert could get anything 
back from it; the record made by the little steel point upon 
a sheet of tin-foil lasted only a few times after it had beer 
put through the phonograph. I myself doubted whether 
1 should ever see a perfect phonograph ready to record any 
kind of ordinary speech, and to give it out again intelli¬ 
gibly. But I was perfectly sure if wc did not accomplish 
this, the next generation would. And T dropped the 
phonograph, and went to work upon the electric light, 
certain that I had sown seed which would come to some¬ 
thing. ” Mr. Edison’s expectations were realized sooner 
than he anticipated. In the spring of 1881 an arrangement 
was made between Alexander Graham Bell, the inventor ol 
the telephone, Dr. Chichester Boll, and Charles Sumner 
Tainter, resulting in the formation of the Volta Laboratory 
Association; this name being given to it because the capital 
with which the first start was made was provided by the 
Volta prize of 50,000 francs, which had been awarded to 
Graham Bell by the French Government for his invention 
of the telephone. The object of this partnership was stated 
to be “tho study and elaboration of ideas, inventions, and 
discoveries relating to tho art of transmitting, recording, 
and reproducing sounds.” 

Tho actual work was mainly done by Dr. Chiohestei 
Bell, a trained physicist, and Mr. Tainter, an exceedingly 
skilful and ingenious mechanic. The first part of their 
work consisted in studying the causes of failure in the 
phonograph, and they soon came to the conclusion that 
tin-foil or any other pliable substance was unsuitable, and 
that the record should be produced on a plate of some solid 
material; and also that a satisfactory reproduction could not 
be obtained by any process of indentation, but that a cutting 
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style must be used, adapted to 1 'grave or gouge out the 
material acted upon, in a groove, tbe bottom ■ of which 
would thus be made to form a continuous wavy curve. 
This substitution of a continuous curve for the separate 
indentations of Edison’s instrument was as great an im¬ 
provement upon the original phonograph as that which 
Graham Bell had effected in the telephone by substituting 
a continuous undulatory current for the series of intermit¬ 
tent currents produced by making and breaking contact in 
.Reis’s telephone. 

After trying a largo number of substances, a kind of 
wax containing a considerable proportion of paraffin was 
found most suitable, and after some years of continuous 
work a phonograph was produced, capable of reproducing 
sounds with great clearness, and apparently an unlimited 
number of times, the same wax cylinder having boon made 
to repeat the words engraved upon it more than a thousand 
times without showing any signs of deterioration. 

The instrument was called the Graphoplume or Grapho- 
phonc-Phonograph, in order to distinguish it from Edison’s 
original instrument. It was completed in the year 1886, 
and was exhibited privately to one of Edison’s associates 
at Washington, and also to some members of the Edison 
Phonograph Company, which had been formed soon after 
the invention of the original instrument, and when it was 
still hoped that it might be made a practical success. The 
instrument was patented in the following year. 

Its present form is shown in Kig. 59, which exhibits an 
operator speaking into the instrument, while Fig. 60 shows 
the operator receiving a message, and writing it down on a 
typewriter. The cylinders are made of paper covered with 
a thin layer of wax, and arc held in position in the machine 
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by being gripped between conical projections on a pair of 
pulleys turning about axes in the same straight line. The 
cylinder is made to rotate by means of a driving-wheel 
worked by a treadle, and controlled by a governor of exceed¬ 
ingly ingenious construction, the invention of Mr. Tainter. 
This governor is so constructed that, as long as the speed 
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of the driving-wheel exceeds a certain minimum, the 
speed of the cylinder is maintained almost, alisolutcly con¬ 
stant. Tilts cylinder is not made to move forward as in the 
original phonograph, but, instead of this, the cutting stylo 
with its diaphragm, or the. recorder, as the case may las, is 
made to move along an axle with a screw-thread cut in it, 
which rotates parallel to the axis of the cylinder. While 
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the machine is running, the motion of the cylinder and 
style can be started or stopped instantaneously by simply 
pressing a button, which is a great convenience both in 
dictating to the machine and in writing down from its dicta¬ 
tion. In speaking to the instrument the operator is thus 
able, at the end of a sentence, to stop the motion of the 
cylinder, and so prevent any waste of space while he is 
thinking over the composition of his next sentence; and 
again, a clerk writing from the dictation of the instrument 
can take off as few words as he likes at a time, so that he 
can write down the record without any difficulty, either 
with a pen or upon a typewriter. Some of the instruments 
first made were constructed so as to speak loudly enough 
to be heard by a number of persons together without the 
assistance of a hearing tube. 

This was effected by cutting the screw-thread of the axle 
which drives the recorder and transmitter rather coarsely, 
so as to leave a comparatively wide space between the 
different portions of the helix forming the record. 

In all the instruments which have hitherto been imported 
into this country, however, the thread is cut much finer, 
with the object of enabling as many words as possible to be 
put on each cylinder, and thereby minimizing the number 
of cylinders required. This necessitates the use of hearing 
tubes, as shown in the illustration, Fig. 60. For practical 
use this does not cause any inconvenience. One of the 
great advantages of the graphophone for practical purposes 
is that, when the machines have been properly adjusted at 
the factory, no further adjustment is required in using 
them, and the cylinders can be put in or taken out in a 
moment. 

Within the last year or two Mr Edison has again turned 
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Fig 62 is a plan of the exchange system existing in 
London at the beginning of 1888. The exchanges are de¬ 
noted by circles, which are placed so as to make the diagram 
as simple a one as possible, and not in their relative geo¬ 
graphical positions. 

Each of the exchanges is connected by one or more 
trunk wires, as they are called, shown by dotted lines in 
the diagram, with the central exchange at Oxford Court, 
Cannon Street The continuous lines show the wires con¬ 
necting the local exchanges, and the small figures attached 
to those lines show the number of wires between each pair 
of exchanges. There are at present about live thousand 
subscribers in connection with this system of exchanges, 
including the subscribers at Brighton, which is in connec¬ 
tion with tho London system. 

Every subscriber has a telephone fixed in his own house 
or office, and when he wishes to speak to another subscriber 
ho goes up to I: is telephone and makes a call signal. This 
is transmitted to the local exchange with which he is con¬ 
nected, and one of the clerks at the exchange immediately 
replies to him. lie then states the number of the subscriber 
with whom lie wishes to speak, each subscriber having a 
certain number assigned to him. If tho subscriber with 
whom he wishes to communicate is on the same local ex¬ 
change, the clerk at once makes the required • connection, 
provided the wire of tho latter is disengaged-—that is to say, 
if tho latter subscriber is not actually using his telephone in 
speaking to some one else. If the second subscriber is on 
a (liitcront local exchange, the clerk, if there is a direct 
wire connecting the two exchanges, signals his numbet 
to the second exchange, and then the clerks at the two 
exchanges connect the telephone wires from the houses ol 
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the two subscribers, through the wire joining the two ex* 
changes. If, on the other hand, there is no wire directly 
connecting the two exchanges, the clerk at the first ex¬ 
change calls the central exchange at Oxford Court, and 
indicates the subscriber with whom 
communication is to be established. 
The clerk at the central exchange then 
passes on the number to the proper 
local exchange, and the clerk there 
sends a call signal to the subscriber, 
and then connects him to the trunk 
wire at Oxford Court, so that the two 
subscribers are placed in communica¬ 
tion through the central exchange. 

The manner in which these opera¬ 
tions are carried out is fairly simple 
and easily understood. The set of tele¬ 
phone apparatus with which each sub¬ 
scriber is supplied consists of a carbon 
transmitter of the Blake pattern, a Bell 
receiver, a battery, and a small mag¬ 
neto-machine worked by a handle, for 
making the call signals. 

The telephone is suspended from a 
hook similar to that used in the water- 
jet transmitter, described in Chapter 
XII. While the telephone is on its 
hook the subscriber turns the handle 
of the magneto to call the exchange; he then takes the 
telephone off the hook, thereby throwing the magneto out 
of circuit, and connects his receiver with the line as then 
described, except that the connection with the line is made 
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directly when the hook rises, instead of by the subsequent 
motion of a lever. 

The exchange is provided with an instrument called 
a switch-board, and it will be easier to understand the 
process followed by considering in the first place a switch¬ 
board of a somewhat simpler construction than those usually 
employed in the London exchanges. 

Fig. 68 shows a simple form of switch¬ 
board adapted for fifty subscribers. 

When the person who wishes to call 
the exchange turns the handle of his 
magneto, a current is sent through the 
line and the coils of a small electro¬ 
magnet placed at the back of the upper 
part of the board, immediately behind 
one of the drop-shutters shown in the 
illustration. The electro-magnet, being 
excited by this current, lifts a small 
catch, which allows the shutter to drop, 
disclosing the number of the sub¬ 
scriber. The clerk at the exchange 
then presses a ping connected with his 
own transmitter and receiver into one of 
the holes, shown in the lower portion 
of the board, marked with the same 
number as the one disclosed by the fall 
of the shutter. This connects the operator by means of 
what is called a “spring-jack,” shown in Fig. 64, placed 
at the hack oE the board, with the calling subscriber. 

The contact plug passes through the collar shown, in the 
lower part of the illustration, and makes contact with 
the left-hand spring at the same time lifting it off the 
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contact button shown, and thereby breaking its connection 
with the right-hand spring. The left-hand spring is insu¬ 
lated, and in connection with the calling subscriber’s wire, 
while the right-hand spring is earth-connected. When the 
operator has introduced his plug, he replies to the calling 
subscriber by means of his transmitter, and then listens at 
his receiver until the subscriber who called has stated 
the number of the subscriber with whom he wishes to 
communicate. 

When this has been done the operator inserts his plug 
into the opening of the spring-jack corresponding to the 
subscriber who is to be called, and presses a key, which 
sends a current into the line, from a battery or other gen¬ 
erator at the station, and rings the latter subscriber’s bell. 
The operator then removes his own plug and places the two 
subscribers in connection by taking up a pair of plugs 
connected by means of a flexible wire cord, as shown in 
the illustration. They can then carry on conversation 
as long as they wish, and when they have finished each 
subscriber turns the handle of his magneto, and the current 
from this causes on© of the clearing-out drops at the bottom 
of the board to fall, indicating to the clerk at the exchange 
that his line may be cleared. Subscribers often forget to 
give the clearing-out signal when they have finished their 
conversation, and an automatic arrangement is therefore 
sometimes adopted, which semis a clearing-out signal as 
soon as the subscriber has replaced his telephone upon 
its hook. 

If a number of switchboards, such as that shown in Fig. 
68, were used in an exchange in connection with a largo 
number of subscribers, arrangements would have to be made 
for making connections across from one board to the other* 
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and an operator on one side of the room would fre¬ 
quently have to shout across the room to one on the 
opposite side in order to tell him to make the required 
connection. An arrangement of a similar character was 
actually employed in the earlier exchanges. The method, 
however, is very inconvenient, owing to the confusion 
caused by operators calling to each other from all parts 
of the room, and the multiple switchboard, a compara¬ 
tively recent invention, is now gradually displacing all 
such systems. 

The general arrangement of a multiple switchboard 
is shown in Fig. 65, which illustrates the multiple board 
at the Manchester Exchange, and shows the operators at 
work. Each operator has to attend to a group of as many 
subscribers as she can conveniently serve, and the drop- 
shutters and annunciators belonging to these groups of 
subscribers are seen on the- lower section of the board. 
Each subscriber to the exchange is connected to a group of 
spring-jacks placed on the upper section of the board, and 
distributed in such a manner that one of them can be reached 
by every operator without moving from her place. The 
plugs for making the connection, and the flexible conduc¬ 
tors connecting them, are the same as those already de¬ 
scribed, but the spring-jacks are slightly modified, being 
constructed and connected up in such a manner that the 
line coming from a subscriber passes behind the board and 
through all the spring-jacks of the same number without 
touching their metallic framework, and finally goes from 
the electro-magnet of the annunciator to earth. When a 
plug is introduced into one of the switch-holes, for instance, 
that of the middle section of the board, the line passes 
directly to the plug and its llexible cord. To explain how 
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connection is made between the subscribers, suppose that 
No. 25 has called the exchange. 

The shutter of his annunciator then falls, exposing the 
number, 25, and the operator takes a pair of plugs attached 
to one of the flexible cords, and inserts one of them into the 
spring-jack No. 25, at the same time depressing a key at 
the bottom of the board, which places her own sot of tele¬ 
phone apparatus in circuit with the telephone wire of the 
calling subscriber. She then inquires what number he 
wishes to speak to, and I will suppose that No. 25 Informs 
her that he wishes to speak with No. 876. The clerk then 
touches the spring-jack No. 875 with the plug attached 
to the further end of the flexible cord, one end of which is 
already in connection with No. 25. If the line is engaged 
she will then hear a noise in her telephone, but if no noise 
is heard she knows that the lino is free, and she then inserts 
the plug and presses a second key, sending a current from 
a generator at the exchange to No. 875, thereby ringing his 
bell. She then lifts her hand from the call key, and the two 
subscribers are in communication. When the conversation 
is finished the subscribers turn the handles of their magneto 
call bells, causing the elearing-out drops to fall, and the 
operator then removes the plugs, which fall back, owing to 
the counterpoise attached to them, to their original position. 

In this country the uso of the telephone is almost entirely 
confined to business men, and to them it is of the utmost 
possible value, owing to the rapidity with which communica¬ 
tions can be made and replied to. In all the large American 
towns, however, it is extensively employed in private 
houses; and, as all the principal shops are on the exchange, 
the mistress of a house can sit down to the telephone and 
order whatever she may require during the day. 
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The houses or offices of the professional men, and the 
cab-stands, are also in connection with the exchange, so 
that, for example, if a doctor is wanted in a hurry he can 
be called in a moment by telephone, and on receiving 
the message he can at once call for a cab, which he will 
find waiting at the door almost as soon as he is ready to 
start. Fire and police stations are also in connection with 
the exchange, so that if a lire breaks out in the house, or 
if burglars break in during the night, assistance can be 
obtained at once. 

I will conclude this chapter by an instance, which came 
within my own personal knowledge, of the value of th© tele¬ 
phone for such purposes. A banker at a town in the United 
States was one night absent from home, and his wife was 
left with only women servants in the house. After she had 
retired to rest she heard some noise proceeding from the 
* lower part of the house, which led her to believe that 
burglars had obtained an entrance. She at once got out 
of bed as quietly as possible, wont into her dressing-room, 
where a telephono was placed, called the police and asked 
for assistance. In the course of a very few minutes a party 
of policemen arrived and eaptured three negroes who were 
engaged in robbing the houso. 



208 


ELECTRICITY IN MODERN LIFE 


CHAPTER XIV 

DISTRIBUTION AND STORAGE OF ELECTRICAL ENERGY 

T HE great extent to which electricity is now being 
employed for lighting purposes, and also for driv¬ 
ing machinery, makes the question as to the most 
efficient and economical means of distributing and storing 
electrical energy one of groat and increasing importance. 

When the electric current has to be carried to any con¬ 
siderable distance, the electrical energy can he transmitted 
with greater economy, the higher the electro-motive force 
of the current. The reason of this is that the amount of 
energy which can be obtained from a current does not 
depend merely on the strength of the current, but is pro¬ 
portional to the strength of the current multiplied by the 
electro-motive force by which it is driven through the con¬ 
ductor. The case is very similar to that of distributing 
water for the purpose of driving machinery by means of 
turbines, the amount of work that can be obtained by pass¬ 
ing a given volume of water through a turbine increasing 
with the pressure at which the water is supplied. 

Now it has been pointed out in an earlier chapter that 
when an electric current traverses a conductor a certain 
amount of its energy is wasted in the form of heat, and the 
quantity of heat developed being proportional to the square 
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of the current strength and to the resistance offered by the 
conductor, it follows that with a high electro-motive force 
a smaller current will be required to supply a given amount 
of energy than when the electro-motive force is low, and 
therefore smaller wires can be used for conveying it without 
leading to an undue production of heat. 

In the case of currents supplied from central stations for 
electric lighting and other purposes, the electro-motive force, 
or electric pressure, developed by the dynamos is usually 
about two thousand volts. Currents at this pressure can be 
employed directly for supplying energy to a number of arc 
lamps, connected in series, for lighting open spaces or large 
public buildings, where the lamps do not have to be lighted 
up or put out one at a time. It would not do, however, to 
introduce a current of this pressure into a private house, for 
in the first place it would be exceedingly dangerous to life, 
and is therefore forbidden by law; and even if it were 
allowable, it would only be possible to use it for incan¬ 
descent lighting, by joining a very large number of lamps 
in series, and starting or putting them all out at the same 
time. 

Somo method must therefore be adopted of transforming 
the current down to a much lower pressure. If the current 
is only to be used for electric lighting, it may be supplied 
directly to the houses- from alternating dynamos at the cen¬ 
tral station, and transformed down to a low pressure, gen¬ 
erally about one hundred volts, on entering the house, by 
means of a piece of apparatus known as a transformer. 
This instrument is very similar in its general character 
to the induction coils described in a previous chapter. 

It will be remembered that an ordinary induction coil 
consists of a short thick coil of copper wire, wound round 
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an iron core, and carrying a current of low electro-motive 
force. This current is made intermittent by means of a 
contact breaker, and at make and break, secondary cur¬ 
rents are induced by it in a very much longer coil of fine 
wire wound outside the primary coil By means of such 
an instrument a current of low electro-motive force is made 
to give rise to one of much smaller strength, but of corre¬ 
spondingly higher electro-motive force. A transformer may 
be considered as practically an induction coil in which the 
primary and secondary currents are interchanged, and the 
contact breaker is done away with, since the current is an 
alternating one as it comes from the dynamo. 

In this system the circuit containing the lamps in a 
house is complete in itself, and has not any direct con¬ 
nection with the dynamo circuit. The currents which 
energize the lamps are secondary currents of low electro¬ 
motive force, but of considerable strength, produced by a 
primary current of much higher electro-motive force and 
lower strength. The transformer is fixed in any convenient 
place in the house, being inclosed in an iron case and kept 
under lock and key, so that the dangerous currents are 
inaccessible to the inmates of the house. 

Another method of distributing the current is by means 
of secondary batteries. It has already been pointed out that 
no primary battery has yet been discovered capable of sup¬ 
plying electric current economically upon a large scale; but 
not many years ago Plante discovered that when an arrange¬ 
ment composed of lead plates, having their outer surfaces 
reduced to a spongy form, and immersed in dilute sulphuric 
acid, was traversed by an electric current, the resulting 
chemical changes transformed it into a battery, so that 
when the charging circuit was interrupted, and the plates 



ELECTRICAL ENERGY 


211 


which had been connected to the two terminals of the 
dynamo, or primary battery, used for charging, were con¬ 
nected with each other, an electric current was produced, 
accompanied by a gradual restoration of the cell to its origi¬ 
nal condition, and that when this was attained the current 
stopped. 

The name of secondary battery or accumulator has been 
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given to a coll of thip kind, which acquires the property 
of producing an electric current by having a current panned 
into it The original Plants accumulator has been consider¬ 
ably improved by Fauro and others, and one of those cells, 
as now constructed by the Electrical Power Storage Com¬ 
pany, is shown in Fig. (id. 

The plates are made of sheets of lead perforated with a 
number of square pyramidal holes, hlled up, in alternate 
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plates, with a paste made of red lead and sulphuric acid, 
and litharge and sulphuric acid respectively. 

The terms accumulator and storage battery are now in 
very general use, but the reader should bear in mind that 
what is stored up is not electricity, but electrical energy— 
that is to say, the power of producing an electrio current. 
Storage batteries may be used instead of transformers in dis¬ 
tributing the current from the central station, but, as they 
require skilled attention, they cannot be placed in the 
houses of consumers, and therefore have to bo distributed 
among sub-stations, each of which supplies a group of houses 
in its immediate neighborhood. 

The colls at each sub-station are connected up into a 
series of groups arranged in series—that is to say, with the 
positive plat© of one cell in connection with the negative 
plate of the next, and so on; and in order to charge the 
battery, the high potential current from the central station 
is allowed to flow into a set of several groups coupled up 
in series. 

When the batteries are charged, the groups are discon¬ 
nected and connected up in parallel—that is, all the nega¬ 
tive terminals connected together, and likewise the positive 
terminals, the cells in each group being still connected in 
series. The number of cells in a group is regulated so as 
to give a current of the desired electro-motive force, from 
the sub-station to the consumers. The current provided 
in this way, being continuous iu direction, is valuable, not 
only for electric lighting, but for driving motors or electro¬ 
plating. Alternating currents arc not at present used for 
working electro-motors, as no satisfactory form of motor 
has yet been devised to work with such currents. Tim 
mains carrying the currents from a central station may 
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cither be carried overhead on poles or laid underground* 
In towns they are usually carried underground, as the 
heavy cables required to carry large currents are not only 
unsightly when carried overhead, but form a source of 
danger in case of breakage, owing to their great weight, 
and to the fact that they carry currents dangerous to life. 
Distribution by means of accumulators has the advantage 
of enabling the electro-motive force to bo kept extremely 
constant, and this is of the greatest importance in electric 
lighting, as any variation in the electro-motive force causes 
a fluctuation or flickering in the light. Another great ad¬ 
vantage of the system of distribution by means of accumu¬ 
lators is that a much smaller plant is required at the central 
station, because, under ordinary circumstances, the demand 
for current will bo much greater at certain periods out of the 
twenty-four hours than at others, and when accumulators 
are used the dynamos can be kept at work charging them 
during the time when the demand is alack, thereby storing 
up energy to meet the heavy demand during the busier part 
of the day. When the distribution is cITceted by means of 
transformers, sufficient engines and dynamos have to be 
provided to meet the greatest demand that eun possibly 
be made upon the station, and arrangements have to be 
made for throwing additional dynamos into the circuit m 
the number of lamps turned on increases, and this litis 
to bo don© without causing any flickering In the lights* 
which would be a great annoyance to consumers. 

The disadvantages of accumulators are—their high initial 
cost, the expense of maintenance and renewal, which is 
considerable, ami the fact that they waste a much larger 
proportion of electrical energy than is done by a well* 
constructed transformer. 
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There is another method for using current in the mains 
of a higher electro-motive force than is suitable for incan¬ 
descent lamps or electro-motors, consisting in the employ¬ 
ment of a special method of distribution, known as the 
three-wire system, which was patented by Dr. Hoplrinson 
in the year 1882. 

It is only applicable to the distribution, at comparatively 
low pressure, of continuous currents, and is therefore not 
suitable for use at central stations which have to supply 
large districts. It is of great value, however, when all the 
houses supplied are included within a small area. 

It is not in that case necessary to employ a very high 
* pressure in the mains, hut it is of great advantage to employ 
a higher one than can he applied directly to the lamps. 
For example, the highest E.M.F. at which glow-lamps 
have been constructed to work is 100 volts, and by means 
of the three-wire system a pressure of some 200 volts may 
he employed in the mains. This is advantageous in two 
ways. In the first place, it reduces the effect of small varia¬ 
tions of potential at the dynamo terminals. For example, in 
the case considered, a variation of 5 per cent in the E.M.F. 
in the mains would produce a variation of only %% per cent 
at the lamp terminals, so that the lamps would burn much 
more steadily. It also enables a much smaller weight of 
copper to be employed in the mains, and thereby greatly 
reduces the cost of the installation, and enables the light 
to be supplied with profit at a lower rate than would other¬ 
wise he possible. 

In this system two dynamos are employed, the negative 
terminal of one being attached to one main, called the nega¬ 
tive main, and the positive terminal of the second dynamo 
to the other, or positive, main. The other terminals of the 
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two dynamos are attached to a separate main known as 
the balancing wire, and the lamps and motors each have 
one of their terminals connected with this balancing wire, 
while the others are attached, in as nearly as possible equal 
proportions, to the positive and negativo main respectively. 
If the resistances of the lamps and motors in the two circuits 
are exactly equal thero will bo no current along the balanc¬ 
ing wire, and the greater the inequality the greater will 
be the current along this main. As tho balancing wire 1ms 
to carry much loss current than the other two mains it is 
made much smaller, and this system of distribution is found 
to effect a considerable saving in the amount of copper 
necessary for tho mains. 

When tho electric current is carried from a central station 
to houses at a considerable distance tho cleetro-motivo force 
gradually diminishes as the distance from the station in¬ 
creases, and, as has been explained in a previous chapter, 
the fall of potential between any two points is proportional 
to tho resistance between them; so that, if a good many 
consumers are supplied from different points of tho samo 
main, tho lamps of those at a greater distance will not bo 
nearly as bright as thoso closo to tho station. In order 
to remedy this defect as far as possible, a system of feeders 
should be employed—that is to say, a series of mains should 
be provided running from tho central station to various dis¬ 
tant portions of tho house mains, no current being taken 
off at any intermediate portion of the feeder. 

This system is extensively used on tho Continent with 
very satisfactory results, but hitherto it has not been very 
generally introduced into this country. When street lamps 
are lighted by electricity tho current is usually supplied »t 

an annual charge for each lamp, deflnito stipulations of 
SOIBNOH—Voi* XIII—10 
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course being made as to the number of hours (hiring which 
the lamps are to be kept alight. In private houses, how¬ 
ever, or in factories or workshops where the current is used 
either for giving light or for working electro-motors, the 
current is usually charged for according to the amount 
consumed. 

Meters which measure tho amount of current passed 
through them, just as gas-meters measure the amount of 
gas, are fixed in the houses; hut these meters do not, as 
in the case of gas-meters, absolutely insure the consumers 
getting what they pay for, for the electrical energy obtain¬ 
able from the current depends on the electro-motive force 
as well as on the quantity, so that if the former is allowed 
to fall below a certain value the consumer will bo paying 
too high a price for his supply. Unfortunately, no com¬ 
pletely satisfactory simple meter has yet been devised 
for measuring electrical energy instead of simple current 
strength; hut a good many inventors are working at the 
subject, and wo may hope that before long they will he 
successful in producing a simple and efficient meter of tho 
kind so urgently required. 

The different forms of motor employed for measuring 
the amount of current supplied arc far too numerous for 
me to attempt to give a detailed description of them, for 
hardly a week passes without a new one being patented. 

The first current-meter was invented by Edison, who 
exhibited it at tho Paris Exhibition in 1881, since which 
time it has been very largely employed in measuring cur¬ 
rents supplied from central stations. In its original form 
tins motor consisted of a pair of copper plates suspended 
from tho ends of a balanced beam, and dipping mto a solu¬ 
tion of sulphate a? copper. 
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A continuous current passing through, the solution car¬ 
ried the copper from one plate and deposited it upon the 
other until the difference of weight was sufficient to tip over 
the balanced beam. When this happened it was registered 
by means of a counting mechanism, and at the same time 
the direction of the current through the meter was reversed, 
so that the copper was carried from the heavy to the light 
plate until the latter became heavy enough to tip up the 
beam and again reverse the current. 

In this way the process went on continuously. The 
whole of the lighting current was not sent through the meter, 
for unless this were to be made of immense size the resist¬ 
ance would be so great as to reduce considerably the strength 
of the current, and therefore the meter was attached as a 
shunt to the main circuit, and was traversed only by a frac¬ 
tion of the whole current 

The meter in this form was, however, found to be open 
to serious objections. The resistance of electrolytes is 
always found to diminish as the temperature increases, 
while that of metallic conductors increases with the tem¬ 
perature. In hot weather, therefore, the resistance of the 
sulphate of copper would be diminished, while that of 
the copper lead would be increased, causing a larger pro¬ 
portion of the total current to go through the meter in hot 
weather than in cold. 

The making and breaking of contact necessitated by the 
use of a commutator, for reversing the current, also led to 
endless trouble, so that the meter had to be modified, and 
in its present form zinc plates dipping into a solution of 
sulphate of zinc are employed. The plates are examined 
and weighed once a month, and fresh ones are inserted as 
the old ones are worn out. A thousandth part of the total 
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current is usually sent through the meter; and the propor¬ 
tion of current going through the meter is maintained fairly 
constant within a considerable range of temperature, by 
placing a copper resistance in series with the solution, so 
that when the temperature rises the increase in the resistance 
of tho copper may balance the decrease in the resistance of 
the solution. The alternative path of the current is made 
of German silver, tho resistance of which changes very little 
with the temperature. These meters may he depended on 
to about 8 per cent, and arc in very general use. 

Professors Ayrton and Perry have designed an entirely 
different type of meter intended to fulfil the condition, tho 
desirability of which I have already pointed out, of meas¬ 
uring the electrical energy directly instead of merely tho 
strength of the current. 

The instrument consists essentially of a good clock, 
the pendulum hob of which is formed of a coil having a 
resistance of about a thousand ohms. A coil of short thick 
wire, having only a small resistance, is fixed to the clock 
case, parallel to the coil forming the pendulum bob. 

The current, as it enters the house, passes through this 
coil of thick wire, from which it is carried to the lamps, 
motors, or other electric machinery in the house, and then 
passes away to the street main, or to another house. Tho 
terminals of the lino wire coil of tho pendulum pass up tho 
pendulum rod, and one of them is connected to the terminal 
of the thick wire coil where the current enters, the other 
being connected, by means of a fine wire, to the house 
main where it leaves tho house. 

Tho current passing through tho pendulum bob will then 
depend on the difference of the electro-motive forces in the 
main, where it enters and leaves tho house respectively, 
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whereas the current passing through the thick wire coil is 
practically equal to the total current working the lamps and 
motors. Now the amount of energy absorbed in the house 
is proportional to the product of the strengths of these two 
currents, and whatever variation may take place either 
in the strength of tne current, or in the electric pressure, 
the loss of the clock in that time, due to the mutual actions 
of the currents, will be exactly proportional to the amount of 
energy absorbed. This meter has been somewhat modified 
and improved by Dr. Aron in Germany, and is used in con¬ 
nection with the Berlin central stations. 

Among the meters which have been designed for use 
with alternating currents I will only mention two as 
types. 

The first of these has recently been devised by Mr. 
Schallenberger, electrician to the Weatinghouso Company 
at Pittsburg, in the United States. It consists essentially 
of a circular iron disk mounted upon a vertical axis, and 
connected with a train of mechanism to count its revolutions. 
A coil of wire carrying the current to bo measured is wound 
round one of the diameters of this disk, and a second eoil, 
having its terminals connected together, so as to form a com¬ 
plete circuit in itself, is wound round a second diameter, 
which is inclined to the first at an angle of 4f>‘\ When the 
alternating current is sent from the first coil a series of 
secondary currents are produced in the other. Now the 
main current will at any moment magnetize the iron disk 
in a certain way, and, as the result of this magnetization, 
the secondary current induced in the other coil will make 
the disk begin to rotate. Whim the primary current falls 
to zero the induced current will magnetize the disk, and the 
arrangement is such that the reaction between this magneti- 
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zation and the following current in the circuit will continue 
to cause rotation in the same direction. 

The other meter was invented by Professor Forbes, and 
is suited for the measurement either of continuous or alter¬ 
nating currents, as its indications depend on the amount of 
heat developed by the current passing through a short spiral 
coil of thick wire fixed horizontally within the meter. The 
heating of this coil sets up convection currents in the air, 
which turn a sort of small windmill arrangement fixed above 
the coil. The vertical axis about which the windmill turns 
is connected with a train of whoelwork which serves to 
count tho revolutions, and the amount of current which 
has passed through tho meter will therefore be known when 
the relation between tho total amount of current—viz., the 
product of the current strength by tho time—and the number 
of revolutions, has been determined once for all. 
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CHAPTER XV 
ELECTRIC LIO K TIN G 

I F a strong electric current, such as may ho obtained 
from a dozen or more Grove cells, is passed through 
a circuit containing, two pieces <>[ carbon in contact 
with each oilier, the resistance at the point of contact is 
so great that the carbons will become white hot. If they 
arc then separated a short distance an arc of light will bo 
formed between them, the carbon in the meantime gradu¬ 
ally burning away, especially the one in connection with 
the positive terminal of the battery. When the distance 
between the two earl ion points exceeds a certain amount, 
depending on the elootro-motivo force in the, circuit, the 
arc will be extinguished, and cannot be obtained again 
until the carbons are brought into actual contact, as the 
electro-motive force of the battery is not suUndent to drive 
a current through an appreciable thick ness of air resistance, 
though it can maintain the current across the are when this 
is once formed, owing to the resistance of an arc, of a given 
length being incomparably less than that of the same length 
of cool air. 

For a good many years light obtained in this way has 
been used to a considerable extent when a very strong light 
was required for lecture experiments! and sometimes also 
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for magic lantern exhibitions, when cost was not a matter 
of great importance. As, however, independently of the 
initial cost of the batteries, tho zinc and acid used in main¬ 
taining a single bright arc light for a few hours might cost 
from ten shillings to a pound, it is clear that it would bo 
quite hopeloss to think of employing tho electric light 
obtained in such a manner for general lighting purposes. 

Tho invention of tho dynamo, however, makes it possi¬ 
ble to produco electric current by tho consumption of tho 
comparatively cheap fuel, coal, instead of the more costly 
zinc, which is the fuel usually employed in primary 
batteries. 

Thero are two distinct systems of eleetrio lighting 
adapted to meet totally different requirements—viz., the 
systems known respectively as Aro Lighting and Incan¬ 
descent Lighting. 

Arc Lighting .—The electric aro which I have just de¬ 
scribed gives an exceedingly powerful light, and when 
protected by globes of opal glass or other translucent sub¬ 
stance, to shade tho eye from the direct glare of the light, 
it is extremely suitable for street lighting and for use in 
railway stations, factories, and other large buildings. 

The number of different kinds of aro lamp is almost 
innumerable, but thoso employed for ordinary lighting pur¬ 
poses are invariably automatic—that is to say, they aro 
provided with somo arrangement by means of which the 
carbon points, as they burn away, can be maintained at 
an approximately constant distance apart The only way 
of doing this that has really proved a practical success 
consists in the use of some electro-magnetic arrangement, 
according to which, when the distance becomes too great, 
the weakening of the current, by diminishing the magneti- 
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zation of a small electro-magnet, allows its armature to fall, 
and sets in motion a train of mechanism by which the car¬ 
bon points are made to approach each other, thereby di¬ 
minishing the resistance, so that the current is again able 
to magnetize the electro-magnet sufficiently to stop the 
mechanism. 

The lamps employed at the time when the electric light 
was only used for lecture purposes were exceedingly com¬ 
plicated in structure, and were moreover very unsatisfac¬ 
tory, as the regulation was far from perfect, the light at 
times becoming dim and then suddenly flashing out into 
its original brilliancy. Most of those, however, which are 
now in use are very satisfactory, as may be seen from the 
steadiness of the arc lamps in any well-managed installation. 

Arc lamps are usually connected together in series, and 
are supplied with a constant current. Many of the circuits 
are of a considerable length, some in America attaining to as 
great a length as twelve miles, while circuits of eight miles 
in length are frequently employed by the Thomson-ELouston 
Company, who have carried out a very large number of in¬ 
stallations both in America and in Europe. The steadiness 
of the light will not only depend upon the mechanism of the 
lamps, but quite as much upon the mechanical and electrical 
governors employed for maintaining the constancy of the 
current. Defects in the regulating apparatus are chiefly 
noticeable when lamps are switched into or out of the cir¬ 
cuit, as, in order to prevent fluctuations in the light, the 
governing apparatus must be sufficiently sensitive to cause 
the dynamo to respond at once to the demand made upon 
it for extra current, or to supply a smaller current when 
the load is diminished, and even if the electrical govern¬ 
ing system is all that can be desired, the engine governor 
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must likewise be extremely sensitive, so as to enable the 
engine to begin at once to supply the extra amount of 
work when additional lamps aro thrown into the circuit, 
or to supply less work when lamps are cut out. If the 
lamps aro supplied from accumulators, then of course tho 
regulation of the engine ceases to bo a matter of primary 
importance. Tho number of lamps included in any one 
dynamo circuit will depend of course upon the capacity 
of tho dynamo, upon tho current absorbed by each lamp, 
and upon the difference of potential which is to be main¬ 
tained between its terminals. Tho quality of the carbons 
also exerts an important effect on tho steadiness of tho 
light unless the electrical regulation is extremely good. 

Tho first experiments on tho production of an electric 
arc between carbon points wore made by Sir Humphry 
Davy with carbons consisting simply of sticks of wood 
charcoal, but it was soon found that this material was 
much too soft for tho purpose, as it burned very rapidly, 
giving off numerous sparks. Recently, however, Claud in 
has gone back to tho use of rods of wood charcoal, which, 
however, have their density very greatly increased by being 
soaked in some liquid hydrocarbon, in order to fill up their 
pores, and are then fired, tho process being repeated until 
the desired density is obtained. The first improvement in 
the carbons used for producing tho electric arc is generally 
considered to have been made by Foucault, and consisted in 
replacing the rods of wood charcoal by rods sawed out of 
gas carbon. The principal points which have to ho aimed 
at in the manufacture of carbons for are lighting are, in the 
first place, to obtain a carbon of regular density, of as low 
electrical resistance as possible, and free from admixture 
with other substances; and in the second place, to produce 
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rods of sufficient length to burn as long as may be required, 
perfectly straight and cylindrical in form. Various proc¬ 
esses are employed to attain these results, and the manu¬ 
facturers usually do their best to keep them secret; but the 
general procedure in all of them consists in first reducing 
coke or graphite to a fine powder, and then washing it with 
an alkaline solution, to free it from silica and earthy im¬ 
purities; after this it is formed into a still paste by mixing 
it with a sufficient quantity of some tarry hydrocarbon, and 
the paste is then forced under pressui'o into molds of the 
required form. When the rods are taken out of the molds 
they arc dried and packed in air-tight boxes, the empty 
spaces between the rods being filled up with coke dust, 
after which they are fired in a kiln. It is generally found 
necessary to repeat the process of soaking in hydrocarbon, 
with the subsequent firing, at least twice, and in the case 
of the best carbons it is usually repeated several times. 

When a sufficiently sensitive system of electric govern¬ 
ment is employed, very good results can be obtained even 
with inferior carbons, and many of my readers will probably 
remember the lighting of the American and Italian Exhibi¬ 
tions in London in 1887 and 1888, which were carried out 
on the Thomson-IIouston system; and although the com¬ 
monest American compressed carbons were employed, the 
steadiness of the light was everything that could bo desired. 

Arc lights are extremely suitable for use in lighthouse, 
as the great brilliancy of the light enables it to be hwxi at 
a considerable distance, even in foggy weather. This was 
recognized at a comparatively early period, and before the 
invention of the modern dynamo, which first made possible 
the general introduction of the electric light, several of the 
more important lighthouses were provided with arc lights. 
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the current of which was supplied from large magneto ma¬ 
chines, built up of a great number of permanent magnets, 
with coils revolving between them. Most of our ironclads 



Fig. 67. 


are now supplied with powerful are lights, provided with 
reflectors, and known as search-lights, to enable them to 
discover the presence of torpedo boats, and to destroy 
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are manipulated by hand instead of by an automatic ar¬ 
rangement Fig. 67 illustrates a simple form of hand-feed 
lamp, manufactured by Messrs. Ernest Scott & On., of New¬ 
castle, and designed for search-lights, or for use with micro¬ 
scopes or magic lanterns. 

For use as search-lights these hand-food lamps are pro¬ 
vided with a system of lenses for concentrating the light 
into a single beam. The whole arrangement is mounted in 
such a way as to allow of the beam being thrown in any 
direction required. A simple form of projector, as an ap¬ 
paratus of this kind is called, manufactured by Messrs. 
Scott, is shown in Fig. 68. 

Arc lights are also employed to a considerable extent 
as signals on board largo passenger steamers ami yachts 
which have electric lighting machinery on board, as is 
now generally the ease, most of the more important pas¬ 
senger steamers and the larger yachts having their saloons 
and cabins lighted by Incandescent electric lamps. 

A great many makers have designed very compact com¬ 
binations of engines and dynamos intended specially for two 
on board ship, where space is limited, and one of them* is 
shown in Fig. 69, which illustrates a combination manu¬ 
factured by Messrs. Mather k Platt, of Manchester, con¬ 
sisting of a very effective and compact form of dynamo, 
known as the “Manchester Dynamo, 11 driven from a double- 
cylinder diagonal engine, by means of a short belt provided 
with tightening gear, as shown in the illustration. 

Another very interesting application of are lighting to 
shipping purposes is afforded by the arrangements which 
have been adopted within the last few years for making 
the passage of the Suez Canal at night 

Up to the year 1885 no night traffic through the canal 
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was permitted, but in that year it was decided to allow 
vessels of war and those carrying mails, if furnished with 
electric lights in accordance with the regulations laid down 
by the canal company, to traverse at night any portion of 
the canal between Port Said and the Mediterranean entrance, 
about a third of the entire distance. The first vessel which 
availed itself of this permission was the steamship ^Car¬ 
thage,” belonging to the Peninsular and Oriental Steam 
Navigation Company, which made the passage by the aid 
of the electric light with perfect success in April, 
and the example was followed shortly afterward by other 
vessels with such success that the company decided to ex¬ 
tend the permission to all vessels, and at the same time, 
by providing beacons and light*buoys, to guide the vessels 
during the night passage, navigation by night was made 
possible throughout the whole canal 

The company stipulates that all vessels availing them¬ 
selves of this permission should be provided with a pro¬ 
jector search-light, fitted upon a platform largo enough to 
accommodate a man to manipulate the light, the platform 
being connected to the vessel m near to the water's edge 
as possible, and an automatic electric lamp suspended upon 
the bridge, capable of illuminating an area two hundred 
yards in diameter round the vessel. The limit on the pint- 
form regulates the position of the carbons of the senmfi- 
lamp by hand, and at the same time he depresses or deflects 
the light to either side in awordnuat) with the orders of the 
pilot upon the bridge, the orders being usually given by 
means of a telephone. 

The placing of the projector close to the edge «>f the 
water, so that the light may bu huldtm under this bow of 
the ship, is an essential point, for any direct rays of light 
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intervening between tho pilot and the distant illuminated 
object, by means of which ho is steering the vessel, would 
dazzle his eyes. Fig. 70 shows a vessel so fitted passing 
tlirougli the canal. 

The lamp suspended over the bridge lights up the whole 
deck of the vessel and tho canal with its banks on either 
side, and is only intondod for use when passing other ves- 
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sols which are tied up at tho passing-stations, or to provide 
light for a vessel thus tied up in order to allow another one 
to pass. Several of tho chief coaling linns at Port Said 
have now providod themselves with sets of portable) electric 
lighting plants fulfilling the requirements of tho company's 
regulations, and any vessel which does not possess a plant 
of its own may hire one of those for a fee of £10. 

Mectric Candles .—Before passing on to describe the sys- 
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tem of incandescent electric lighting I must not omit to 
mention the Jablochkoff electric candle. 

This consists of a pair of carbon rods, placed side by 
side, and separated by a strip of insulating material, usually 
consisting of a kind of porcelain. The current passes tip 
one carbon and down the other, forming an arc at the top, 
and the porcelain gradually burns away with the carbons. 

In order to start the arc when the current is turned on, 
the top of the candle is generally tipped with a panic made 
of powdered carbon and gum. The Jablochkoff candle is 
of considerable interest historically, as it was employed in 
lighting up the Avenue do L ? Opera in Paris in 1878, which 
was the first example of street lighting by means of elec¬ 
tricity. It was also employed on the Victoria Embankment 
in London, and in many other places. 

In the case of the current being aocmltm tally titterriipietl 
the candles will go out, and they will not reignite them* 
selves; but a still more serious defect in that the resistiuico 
of the arc undergoes constant variation owing to impurities 
and variations in the density of the porcelain, ho that the 
light is extremely unsteady. 

Homo modifications of Jaldoehkofr's original candle hn \ e 
been devised in order to overcome these defeeN, and in 
some cases with considerable success, but their nm In not 
suflleiently extensive for it to be necessary for me io desert i»*i 
them here. 

IncantUacmt Lighting*—A t « lamps are not at all suita) lit 
for the lighting of rooms in dwtdling*h«umenr fnr the 
lighting of the interiors of theatres, «4 the light hi far loo 
intense; what is required for such purp»»ses is a eotisidernldw 
number of centres of light of mod* rate inn-muty, mid n*4 
one or two centres of very high m tensity, sueh m arc given 
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by arc lamps. This requirement is completely fulfilled by 
what arc known as incandescent or glow lamps, which more¬ 
over lend themselves exceedingly well to decorative pur¬ 
poses, much hotter indeed than gas-burners. 

The principle of the incandescent lamp consists in pass¬ 
ing the current through a wire or filament of some substance 
which is only fusible with difficulty, and which has a com* 
parativoly high electrical resistance. 

The heat generated by the passage of a current through 
such a wire, or filament, raises it to a while heat, and pro¬ 
vides a source of light very much whiter than ordinary gas¬ 
light, and which has man}' other important advantages over 
it. In the first place, although the filament itself is main¬ 
tained at an exceedingly high temperature, a glow-lamp has 
much loss heating client in a room than a gas-burner, be¬ 
cause the surface of the heated filament is exceedingly 
small, and it is inclosed in an exhausted glass vessel, while 
the gas llame is in immediate contact with the air, and soon 
distributes its heat over a room by means of the strong 
convection currents which it sets up in the air in its 
neighborhood. 

The electric light again can he turned on or off without 
having to bo lighted, so that the light can he turned on us 
one enters a room by simply pressing a button or turning 
a switch near the door; and if light is wanted in a bedroom 
at night it can ho turned on, without tin 4 slightest danger, 
by means of a switch which can be reached from the lush 

The greatest advantage, however, of the electric light 
over illumination by means of gas is the complete absence 
of any process of combustion, so that the air in the rooms 
in which it is employed does not become vitiated by the 
absorption of oxygen, and the liberation of carbon acid 
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and still more deleterious compounds, such as sulphurous 
acid and sulphuretted hydrogen, which are always formed 
when gas is burned, and which gradually cause the covers 
of books in the library to become rotten, discolor the 
gilding of picture-frames, and make it impossible to keep 
most kinds of plants alive in rooms where gas is burned. 

The first electric glow-lamp was invented by Demoleyns 
as far back as the year 1841, a platinum wire being em¬ 
ployed as the filament. In 1845 carbon was first used for 
the purpose by Starr of Cincinnati; and in order to prevent 
the combustion of the carbon he placed it in a closed glass 
vessel, from which the air had been exhausted, as is now 
invariably done in all glow-lamps, whatever the material 
employed for the filament. These lamps, however, were 
invented before the development of the dynamo had made 
electric lighting possible on a commercial scale, and they 
accordingly dropped out of sight until, in the year 1873, the 
Russian physicist Ladiguine turned his attention to the sub¬ 
ject, and his investigations were considered of such impor¬ 
tance that he was presented with a prize by the St. 
Petersburg Academy of Sciences. The report which was 
drawn up for the occasion by the Russian physicist Wilde 
contains a very clear and succinct statement of the advan¬ 
tages of carbon for glow-lamp filaments. Carbon, said the 
report, has, at an equal temperature, a greater radiating 
power than platinum, while its thermal capacity is much 
smaller, so that the same amount of heat will raise a carbon 
filament to a much higher temperature than a platinum 
wire. Moreover the electrical resistance of carbon is about 
two hundred and fifty times greater than that of platinum; 
and the carbon may therefore be made thicker and yet rise 
in temperature as much as the metal. Carbon, moreover, 
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is infusible, and its temperature may therefore be raised 
without any danger of fusion. 

In the year 1879 Edison constructed a lamp in which a 
carbon filament was employed. It was prepared by cut¬ 
ting small sheets of brown paper in the form of a horseshoe, 
placing several of these sheets together, and then heating 
them to a high temperature in an iron mold. The life of a 
lamp provided with a filament of this kind was however 
very short, as the carbon soon became disintegrated by the 
action of tho current. In the year 1880 Edison improved 
this lamp hy substituting carbonized bamboo for carbonized 
paper; and some improvements were introduced by Swan, 
wlio in November oE the same year exhibited tho first imam- 
descent lamp shown in England to tho Society of Telegraph 
Engineers. Swan’s carbon filaments are made of strings of 
cotton about four inches long, having their ends enlarged 
by winding additional cotton round thorn. Those threads 
are soaked for some time in a mixture of sulphuric neid 
and water, which causes them to assume the hardness and 
compactness of parchment. The filaments are then thor¬ 
oughly washed, so as to remove every trace of acid; after 
which they are passed through dies with circular holes in 
them, in order to reduce them to a uniform cross section. 
The filaments are then wound upon rods of carbon or 
earthenware, so as to give them the required form before 
carbonization. They are carbonized by burying them in 
powdered charcoal contained in a crucible, ami raising 
them to a very high temperature in a furnace for a period 
of several hours. The filaments are mounted by having 
their thick ends inserted into split metal tubes, which arc 
made to clasp them tightly by means of sliding rings, tho 
arrangement being exactly similar to a port-crayon. Plati- 
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Mm wires are attached to the upper ends of the metal tubes, 
and pass out through the glass. 

Edison’s lamps, as improved by Swan, are now very 
generally employed, being manufactured by the Edison and 
Swan United Electric Light Company, which was formed 
for working the patents of these two inventors. The first 
stage in the manufacture of an Edison-Swan incandescent 
lamp consists in attaching the prepared filament to its plati¬ 
num wires, and mounting it upon a glass bridge, little beads 



Fig. 71. Fig. 72 . 


of. glass being formed at the same time on the wires where 
they are to pass through the walls of the lamp. The glass 
globe is then blown very much in the shape of a pear, the 
glass tube out of which it is blown taking the place of 
the stem of the pear. The lower portion of the tube is then 
cut off with a file, and the carbon, with its platinum wires, 
fused into the upper half, after which the two portions of 
the globe are joined together by the blow-pipe. 

The lapap is then exhausted of air, first by means of an 
ordinary air pump, and finally by means of a Sprengel mer- 
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cury pump, with which a very high vacuum can be obtained. 
Before the lamp is removed from the Sprengcl pump it is 
submitted to a process known as flashing. 

This consists in raising the filament to incandescence by 
passing an electric current through it, which expels any gas 
that has boon absorbed by the carbon, and at the same time 
increases its density. The filament is usually raised to 
ineandesoence and then allowed to cool, several times in 
succession, the process of exhaustion going on all the 
time, so as to remove all the gases 
that are given out by the filament. 

The general appearance of the 
lamps when completed is shown in 
Figs. 71 and 72, Pig. 71 showing a 
lamp which is intended to bo hung 
with the larger end downward by 
inserting into the two loops, attached 
to the cap which forms the termina¬ 
tion of the small end, the ends of the 
conducting wires, which arc bent into 
the form of hooks for the purpose; 

Fig. 78. while Fig. 72 shows another lamp 

having a filament of somewhat dUTerent shape, and which 
is intended to be inserted in a holder such as that shown 
in Fig. 78. 

Theatre Lighting .—The system of incandescent electric 
lighting presents special advantages for the lighting of 
theatres, the most important of which is the almost abso¬ 
lute safety which it provides against danger from fire, when 
the installation is properly carried out. 

Whether gas or electricity be employed, the lighting of 
the auditorium can be carried out just as safely as that 
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of an ordinary house, but the illumination of the stage is 
a very different matter. 

To begin with the part visible to the audience: the foot¬ 
lights, when gas is used, are simply naked gas-lights, and 
numerous accidents have occurred from the dresses of act¬ 
resses catching fire from their approaching too near to these 
naked lights. When the electric light is employed the foot¬ 
lights are all hermetically sealed glass globes, which could 
not ignite the most flimsy material, unless it were left in 
contact with them for a considerable time. The principal 
source of danger, however, is to be found, not in the foot¬ 
lights, and the permanent stage lamps which are attached 
to battens suspended from the roof, but in the movable 
lights which are attached to the different portions of the 
scenery, being fixed to what are sometimes called stage- 
ladders, which are hung on to the movable scenery wherever 
they are required. Any one who has been behind the scenes 
of a theatre, and has observed the close proximity of these 
lights to the inflammable scenery, will only wonder that 
fires are not of more frequent occurrence in theatres where 
gas is employed. When incandescent lamps are used in¬ 
stead of gas-lights, this danger is entirely obviated, provided 
the most elementary precautions are taken, for the electric 
lamps will not ignite even paper or muslin merely brought 
into momentary contact with them, though such materials 
would take fire in the course of time if they were wrapped 
round the lamps, or allowed to rest upon them while 
incandescent. 

It is of course necessary in carrying out an electric light 
installation in a theatre, as in a private house or elsewhere, 
that the work should be done in a proper manner, and by 
men who understand their business; for if the work were 
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carelessly done, healing might take place, owing to had con¬ 
tacts; or it the positive and negative mains were brought 
too close together at any point, an are might be formed 
across them. A good many fires were caused in this way 
in some of the earlier installations; for before people had 
become generally alive to the fact that a badly carried 
out installation might be a source of very serious danger 
in this direction, unskilled workmen were allowed to carry 
out the work without proper supervision. As regards the 
comfort of the audience, the electric light also possesses a 
very great advantage over illumination by gas, on account 
of its comparatively small heating effect. 

Any of my readers will bo able to test tins for them¬ 
selves, if they have not already done so, by comparing the 
atmosphere toward the end of the performance at an elec¬ 
trically lighted theatre with that of a theatre lighted by gas. 

The electric light also lends ifself much more readily 
than gas to scenic efforts, as by the introduction of suitable 
resistances, either directly into the lighting circuit, or into 
the exciting circuit of the dynamo, the intensity of the light 
may be varied by imperceptible steps from full brilliancy to 
complete extinction. 

The first of the London theatres which was lighted by 
electricity was the Savoy, which was then, as now, under 
the direction of M. D’Oyley Carte, and special credit is chi© 
to Mm for his enterprise in introducing the light, as this 
was the first time that an incandescent electric lighting 
installation was carried out upon any considerable scale. 

The work was clone by Messrs, Siemens in the year iHMl, 
and the lighting, which has remained under their charge 
ever since, has been thoroughly satisfactory in every way 
from the time it was first introduced Since then the system 
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of incandescent lighting has boon introduced into a good 
many other theatres—the Criterion, the Prince of Wales's, 
Terry’s Theatre, the Adolphi, and the recently-built lyriu 
and Shaftsbury Theatres being now lighted by incandescent 
electric lamps. 

In all modern installations of the electric light in the 
interior of buildings, safety-fuses aro inserted w herever a. 
branch wire loaves the mains, and in some eases they are 
attached to each lamp, or group of lamps. Tiny consist 
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simply of a short wire which will fuse before the our rent 
has become groat enough to cause danger to the lamp, and 
will thus out tho lamp, or group of lamps, out of the circuit. 
Similar safety-fuses aro placed wherever an increase of tho 
current beyond a certain amount would he likely to ouuao 
danger of fire, and large magnetic cut outs are often attached 
to tho mains as tiny leave the dynamos, and adjusted so 
that they will cut olT the current at soon as it rises beyond 
a fixed maximum value. Pig, 71 illustrates a safety-fuse, 
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and ilte manner of attaching it to a lamp, or group of lamps, 
suspended from the muling in the room of a house. 

Private Installations.— As the number of central stations 
increases, private installations, as far as the larger towns are 
concerned, will probably become gradually rarer; but their 
use will most likely extend still more than it has already 
done for the purpose of lighting isolated country houses, 
in place of employing private gas plants, the presence of 
which in the neighborhood of a house is e\reediugly objec¬ 
tionable, owing to the injurious and foul smelling gases 
contained in coal-gas as it comes from the retorts, and from 
which it has to be purified as far as possible before it is 
used. Where water-power is available, electric lighting, 
independently of its other advantages, is the most econom¬ 
ical system which can bo adopted, but where this is not to 
be obtained, a gas engine is probably the most convenient 
motive-power to employ. In a place where coal gas is 
already available this may be employed for driving the gas 
engine, but even when this is not the ease a gas engine may 
still be employed, for engines of this kind are now made 
which manufacture their own gas from petroleum. 

Fig. 75 shows the arrangement of a small private instal¬ 
lation of this kind carried out on the accumulator system? 
the dynamo being driven by a gas engine. The lumps are 
connected across the negative ami positive mains, as shown 
in Fig. 76, which illustrates tlm general arrangement of the 
connections in a private installation in which accumulators 
are employed. The switches used for turning the dynamo 
current directly on to the house leads, and for connecting 
these and the dynamo with the accumulators, are usually, 
for the sake of convenience, fixed on a single board, as 
shown in the illustration. When the current from the tie- 
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oumulators in in tine, they uniat not lie allowed to discharge 
at mores than a certain rate, as if this were exceeded they 
would he damaged. In order to prevent this from taking 
place nnperceivod, an automatic current-alarm, connected 
with a boll, is employed, its shown in tho centre of the illus¬ 
tration. Tins current-alarm consists of a coil of wire, with 
a soft-iron core suspended in its centre, and kept in position 
by means of a spring. As tho strength of the current 
increases, the iron is drawn further into the coil, until, 
when a certain point is reached, the bell is started and con¬ 
tinues ringing until the discharge current is lowered to the 
proper amount. 

Accumulators are almost invariably employed in private 
installations, for if they were not used the engine would 
always have to be kept running as long as the light was 
required, while, when tiny am cm ploy ml, they can usually 
be charged sullieiontly t,o supply all the current, required, hy 
running the engine two or three; days a week. It would he 
impossible, moreover, to get a satisfactory light without the 
me of accumulators from a dynamo driven hy any form of 
gas engine at present in use, as those engines cannot he 
made to run with the same regularity ns steam engines, 
and tho result would ho that the light would fluctuate 
at every revolution of the engine, which would of course 
he exceedingly disagreeable. 

Train Lighting .—Another very useful application of 
accumulators is to the electric lighting of trains, which 
has been carried out with the greatest success during the 
last few years on the Great Northern, and the London, 
Brighton and South Coast Railways. 

The accumulators are made by the Electrical Power 
Storage Company, and are of the same character as tho 
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one previously described, except that the cells are made 
of such, a shape as to permit of their being conveniently 
stowed away in boxes under the seats of the carriages. 

The South Eastern Eailway Company also has quite 
recently fitted electric reading-lamps to the carriages on 
the main-line trains. The lamps, which are of five-candle 
power, are contained in small boxes placed just under the 
racks. 

The light is obtained by introducing a penny into a slot 
at the top of one of these boxes, and then pressing a knob, 
and it will last for half an hour, at the end of which time 
it extinguishes itself automatically. The light can be ob¬ 
tained for as long a time as is required by placing a penny 
in the box every half hour, and it can be extinguished 
at any moment by pressing a second button. 

If the instrument is out of order, or if a coin other than 
a penny is put into the slot, the coin drops right through, 
and can be recovered. 

Portable Electric Lamps .—It is evident that the introduc¬ 
tion of incandescent electric lamps would be of the greatest 
value for the use of divers, as, owing to there being no com¬ 
bustion, a supply of air is not required; and also for use 
in coal-mines containing explosive gases. In such cases as 
these it would not always be convenient to have the lamps 
attached to long wires leading to the source of current. 
Primary batteries might, of course, be used, and indeed 
they have been used, for portable lamps; but, in addition 
to the expense involved in their being lighted in this way, 
a primary battery, to give a light for any length of time, 
would be too bulky to be conveniently carried about. Both 
these defects are got over by the use of accumulators, and 
a portable lamp of this kind, manufactured by the Edison- 
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Swan United Klee,trie Light Company, is shown in Pig. 77. 
The lamp is energized by a four-cell accumulator, shown 
in Fig 78. 

This accumulator in contained in a strong teak box, 
A, Fig> 77, strengthened with metal bands, BB. A small 
incandescent lamp is attached to the side of the ease, and 
protected by a strong glass cover, C, with a cross-bar, G, 
and a hinged levor secured by a safety-nut, P, and provided 
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with a swivel handle, D. The lamp can only be opened by 
means of a key, so that it cannot be get at by the miners. 
In some lamps of this kind which have recently been con¬ 
structed, a small lever is provided which maintains the 
continuity of the circuit as long as it is pressed down by 
the glass cover, 0, but breaks tho circuit when allowed 
<° rise, which it would at once do if the outer glass cover 
were accidentally broken. The object of this arrangement 
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is to prevent a miner from continuing to use a lamp of 
which the outer covering has been broken, as if this were 
done the glass globe of the lamp, being of very much thin¬ 
ner glass than the outer covering, would be very likely to 
get broken, and although the lamp would be extinguished 
almost immediately by the fibre burning away, there might 
be just time for it to ignite the explosive gas in the mine. 
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CHAPTER XVI 

SIjKOTUO MOTORS AND TIIKIR I'SNft 


A X electro-motor is really nothing 1ml. :i dynamo work¬ 
ing baekward—-that is to say, one. wliiidi, instead of 
lining driven by tho upplioation of external power, 
and thereby transforming tho energy supplied by a, sterna 
engine or other prime motor into tho form of eleetrie.nl 



Fici. TD. 

energy, is supplied with electrical energy hy means of an 
electric current, which sets tho motor in motion, and trans¬ 
forms the electrical energy into mechanical energy. Fig. 79 
illustrates a motor made hy Messrs. Immiseh it Co., one of 
the few firms which have devoted themselves to the eon- 
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struction and improvement of the electro-motor, and whose 
motors have already obtained a world-wide reputation for 
high efficiency'and good workmanship. 

Another type of motor, manufactured by the Electrical 
Power Storage Company, is shown in Fig. 80. 

The reversibility of tho dynamo, enabling it to act as a 
motor when supplied with electric current, was first made 
known by M. Jlippolyto Fontaine at the Vienna Inter¬ 
national Exhibition of 1878. According to M. Figuier, the 
discovery was purely accidental. 

Figuier’s account is that the Gramme Company had two 
machines exhibited at the Exhibition, and one day while 
one of these machines was in motion, and the other one was 
standing still, a workman, seeing some eablo ends lying loose 
upon tho floor, fancied that they belonged to the machine 
at rest, and placed them in its terminals, when, to the 
astonishment of everybody, the armature of the machine 
began to rotate, being driven by the current from the other 
machine. Prior to this a great many attempts had been 
made to construct electric engines, or motors set in motion 
by means of an electric current, but none of them was of 
any practical use, and they were, in fact, nothing more than 
scientific toys. Any continuous current dynamo can be 
used as an eleotro-motor; but in the construction of electro¬ 
motors it is much more Important to make the weight as 
small as possible than in the case of dynamos; and there are 
some other points which are of greater practical importance 
in the case of electro-motors than in the ease of dynamos, 
so that, although the principles of construction arc the same 
m each case, it is not very often that machines constructed 
for producing current arc actually employed as electro¬ 
motors. 
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Electric Hallway b .—One exceedingly important applica¬ 
tion of the electro-motor is its employment for the purpose 
of traction. For some time past, experiments have been 
in progress with the view of adopting electric traction on 
the underground railways in London, m order to get rid 
of the contamination of the atmosphere hj the smoke 
and other produets of combustion from the locomotives, 
which now make the line ho unpleasant to travel upon. 
Electric traction, however, has not jet been practically 
employed for heavy railways, though it has been used t.o 
a considerable extent for light railways, or, as we- cal! them 
in this country, tramways. 

Tim electric propulsion of ears on tramway lines can ho 
effected in two distinct ways. One is to place accumulators 
on the car, these accumulators being charged at fixed sta¬ 
tions, usually at one or both of the termini. The prineipal 
disadvantage of the neennmlator system is the great weight 
of the accumulators, which have, of course to bo curried by 
the cars, and it also lias the disadvantage of the additional 
loss incurred in two transformations of energy, as in the 
accumulator system the energy of the prime motor must first 
be transformed into electrical energy, and then into chemical 
energy, which is stored up in the battery, from which it is 
reproduced in the form of electrical energy, and then again 
converted into mechanical energy in the motor. The advan¬ 
tages are that each car is independent of every other, and 
that no fixed conductors are required along the Unit 

The accumulators used in driving ears on this system 
are, as in the case of train-lighting, stored under the seats, 
and in any case the electro-motors arc usually placed under 
the floor of the car. 

The other method of driving cars electrically is to am- 
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ploy a fixed source of energy, and to transmit the currc 
to the car by means of a conductor and sliding contac 
Mr. Gisbert Kapp, in Ms work on the “Electrical Trai 
mission of Energy,” classifies the electric railways work 
on the conductor system into four divisions, according 
the manner in which the current is convoyed to and from t 
car. In the first class the rails arc insulated from the groun 
and the separate rails being placed in electrical communic 
tion by means of connecting pieces, they are employed 
conductors, one conveying the outflowing and the other t 
return current. The car-wheels in this system have to 
insulated from their axles. 

A short tramway of this kind has been erected by JM 
Volk on the beach at Brighton, and another one is in xi 

in Berlin. 

The second class consists of those in which a separn 
conductor is used for the outflowing current, while the i 
turn current is carried by both rails. The rails need n 
be insulated, but must bo in electrical communicate 
throughout by means of special connecting pieces at t 
joints. The Besshorough and Newry Klee,trie Railway 
a good example of this class; it is three miles in lengt 
and the electric current is supplied by two Edison-IIopki 
son dynamos driven by a large turbine placed at a state 
at about the middle of the line, where ample water-pew 
is available. 

Other examples of this kind are given by the railwa 
at Portrush and Blackpool. 

In the third class separate conductors are used for %\ 
outflowing and the return current. These are carried ovf 
head on poles, and usually consist of iron or copper tube 
A line of this kind is now in use between Frankfort in 
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Offenbach on the Maine. A portion of it is shown in Fig, 
81. The conductors consist of tubes of wrought-iron, of one 
inch internal diameter, and one and one-fifth inches external 
diameter, suspended, by means of iron wire ropes, from 
ordinary telegraph poles. A slot is cut out along the whole 
length of each tube, and the current is conveyed to and 
from the car by means of wires attached to small cylinders 
of cast-iron, which slide within the tubes. The same system 
is in use in Berlin, Vienna, and other places. 

In the fourth class separate conductors are used for the 
outflowing and return current, and these are attached to 
poles, and arranged so as to form a single line on which 
suspended trucks run. This is known as the telepberage 
system, and was devised by Professors Ayrton, Perry, and 
Fleeming Jenkin for carrying light loads over hilly or 
mountainous country. The first line of this kind was con¬ 
structed at Grlynde, in Sussex, and has been a complete 
success. Fig. 82 shows a similar line which has been con¬ 
structed in America by the Sprague Electric Bailway and 
Motor Company, for the purpose of carrying ore from a mine 
on a mountain side to a railway at the base. The road, or 
overhead track, consists of two stationary steel cables, sus¬ 
pended one above the other, between posts of wood or 
metal, fifty feet or more apart, and at such a height from the 
ground as not to interfere with the surface traffic. The cars 
run on wheels, and are suspended between the upper and 
lower cables, the upper cables carrying most of the weight. 
Each car contains an electro-motor, which is supplied with 
current by contact of the wheels with the cables. 

Several attempts have been made to apply electricity to 
ordinary street locomotion. One of the first of these was an 
electric tricycle designed by Professors Ayrton and Perry. 
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Some dog-carts driven by electricity have also recently been 
constructed by Messrs. Immisch & Co. One of these was 
made for the Sultan of Turkey in September, 1888, and he 
appears to have been so pleased with it that he has ordered 
another one to be sent out. This is of an improved pattern, 
and is shown in Fig. 83. The power is stored in twenty- 
four small accumulators, which weigh about seven hundred¬ 
weight, and contain a charge sufficient to propel the vehicle at 
a speed of ten miles an hour for about five hours. The cart 
is driven by a one-horse power Immisch motor. The total 
weight of the carriage and accumulators is about eleven 
hundredweight. 

These carts are only suitable for use on the level, and 
on good roads, as the wheels have not got sufficient grip 
to carry the cart up any considerable incline, and this is one 
of the chief difficulties in propelling any carriages, other 
than extremely heavy ones, such as traction engines, either 
by electricity or by steam power. 

An electric omnibus has also recently been tried in 
London, but I believe it was only run at night, which was 
certainly a most desirable precaution, as, owing to the 
weight of the accumulators, electrically propelled vehicles 
are difficult to stop suddenly, and on one occasion when it 
was being run at night in Oxford Street, a hansom cab 
dashed out of a side street in front of it, and the driver, 
unable to stop in time, stated afterward that there were 
three alternatives open to him—viz., either to run into the 
lamp-post, the hansom, or the nearest house. He chose 
the former, breaking the lamp-post off near the ground, and 
planting the car on the top of it. The passengers inside 
were of course covered with the acids from the cells, and 
one of them foolishly striking a light, ignited the gas from 
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tlie broken lamp-post, so that had they not shortly been 
released from their perilous position they would all have 
been burned. 

Another interesting example of the use of the.electro¬ 
motor for the purpose of traction is its application, as far 
back as 1879, to plowing fields in the neighborhood of tie 
beetroot factory at Sermaize. The manufacture of beet 
sugar is only carried on during a small portion of the year, 
so that for the rest of the time the machinery remains idle, 
and it occurred to the proprietors that it would be advan¬ 
tageous to use the steam engine during this slack time for 
plowing the fields in the neighborhood. The experiment 
was perfectly successful. The current was generated at the 
factory by means of a Gramme dynamo driven by the steam 
engine, and the plowing arrangement was similar to that 
adopted in steam plowing, the plow being drawn backward 
and forward across the field by a steel wire rope coiled and 
uncoiled alternately from drums carried on trolleys placed 
at opposite sides of the field, and each provided with a 
Gramme dynamo used as a motor. 

Electric Launches .—The electrical method of propulsion 
is extremely well suited for small launches, in the place of 
steam, and a large number are now in use. Fig. 84 shows 
the general appearance of an electric launch as manufactured 
by the Electrical Power Storage Company. The sectional 
diagram, Fig. 85, shows the position of the motor under 
the deck of the launch, and of the accumulators, which 
are shown extending from the motor to near the bow of the 
vessel. The great advantages of this method of propulsion 
are the complete absence of smoke and dirt, and the in¬ 
creased room, owing 7 to the whole of the machinery being 
placed below the deck. The chief difficulty attending the 



































































































































254 


electricity in modern lief. 


use of tlio electro-motors for propelling Htam launches i* 
that they cannot run to any great distance from the charging 
station. 

Messrs. Immisoh & C)o., who havo constructed a nurnhcr 
of these launches, havo endeavored to remedy this want 
on the river Thames by the construction of a number of 
stations at intervals for charging accumulators, ho that a 
launch on arriving at one of those stations can, if its accu¬ 
mulators have run down, have them exchanged for fresh 
ones and proceed upon its journey. 

Other Applications of Electro-Motors.— Electro-motors am 
now coming into extensive use in mountainous countries, 
as, for example, in Switzerland, for driving machinery by 
means of water-power, at distances which sometimes extend 
to several miles. In America, where electric lighting from 
central stations is much more general than in this country, 
electro-motors arc very largely used for driving machinery 
in small workshops, where the power required would not 
be sufficient to make it worth while to use u steam engine. 
These motors are used for driving printing presses, tailors’ 
and shoemakers’ sewing maohinos, watchmakers' lathes, and 
similar apparatus; and there is no doubt that, as the system 
of supplying electric current from central stations extends 
in London and other English towns, electro-motors will he 
more and more employed for similar purposes in this 
country. One of the groat advantages of the electromotor 
for purposes such as these is that it can he fixed jimt where 
it is required, and used to drive a machine, without the 
intervention of belts, driving pulleys, and shafting. This 
is very well illustrated in Pig. 80, which shows an electro, 
motor driving one of the fans now so extensively used for 
ventilating ships, factories, mines, eta For driving venti- 
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lators and other machinery in mines the electro-motor is 
especially valuable, as it does away with the driving rods 
and other moving gear, which has always been a source of 
trouble in the shaft of a mine, replacing it by a simple 
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fixed cable. With regard to the applications of electro¬ 
motors for use in private houses, where the electric current 
is supplied from central stations for lighting purposes, such 
of my readers as may be amateur mechanics will easily per- 
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ceivc what an advantage it would bo to be able to drive 
their lathes or other machinery by means of a small motor 
which could be set in action in a mo¬ 
ment by simply inserting a pair of 
contact plugs into a a/me, as it is 
called, fixed at any convenient part 
of the room. Fig. 87 shows a shoe 
suitable for this purpose, or for use 

f with an electric reading-lamp. Some 
of my lady readers would probably 
bo glad to work their sewing ma¬ 
chines in a similar manner, by means 
of a motor which can be fixed di¬ 
rectly under the table which sup- 
Pia &r. ports the machine, and which will 

occupy considerably less space than the treadle arrange¬ 
ment generally employed. 
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CHAPTER XYII 

ELECTED — METALLURGY 

1 PROPOSE to consider under this head the electrical 
deposition of metals, or, as it is now called, electro¬ 
plating, and the application of electricity to the puri¬ 
fication of metals and the reduction of metallic ores, together 
with the recently-invented process of electric welding. 

One of the first experiments tried by every schoolboy 
who has been allowed to amuse himself in his holidays by 
constructing and experimenting with galvanic batteries, is 
to copy medals or coins by taking models of them in some 
such substance as plaster of Paris, then making the surface 
of the model a conductor of electricity by rubbing it over 
with black-lead, and finally electro-plating it with copper, 
by attaching it, by moans of a wire, to the negative pole of 
a battery, and suspending it in a vessel containing a solu¬ 
tion of sulphate of copper in which is suspended a plate of 
copper, connected by means of a wire to the positive pole 
of the battery. 

In the year 1801 Wollaston discovered that if a piece 
of silver in connection with a more positive metal were im¬ 
mersed in a solution of copper, the silver became coated 
over with a layer of copper sufficiently coherent to stand 
the operation of burnishing- Two years later Oruickshank 
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observed that when a current from a galvanic battery was 
passed, by means of silver wires, through solutions of vari¬ 
ous salts of lead, copper, and silver, the metals attached 
themselves to the wire connected to the zinc end of the 
battery; and in the year 1805 Brugnatolli made the first 
practical application of electro-plating of which wo have 
any record by gilding two silver medals, by attaching them 
to the negative polo of a bat buy, and suspending them in 
a saturated solution of a salt of gold. 

Electro-plating, as a praotie.al art, may however 1 hi con¬ 
sidered as deriving its origin from the work of Professor 
Jacobi of St. Petersburg, and of T. Spencer of Liverpool, 
in the year 1839. Jacobi's galvano-plastic process, as bo 
called it, enabled him to convert any lino, however fine, 
of an engraving on copper, into a relief, by an electro¬ 
plating process which he describes as being applicable to 
copper-plate engraving, copying medals, producing stereo¬ 
type plates, copper-plating plaster ornaments, and the man¬ 
ufacture of calico printing blocks and patterns for paper 
hangings. 

The first patents in this country and in France were 
taken out by Messrs. Elkington, of Birmingham, who still 
occupy the foremost position in the electro-plating industry 
in this country. 

The earlier electro-plating work was of eoursn carried 
out by means of primary batteries; but these are no longer 
used for the purpose, except for operations on a very small 
scale—such, for example, as those of the schoolboy to whom 
I have referred—and the electric current required for the 
purpose is now always obtained from dynamos. The dyna¬ 
mos employed for the transmission of electric energy and 
for producing electric lighting currents would be quite an- 



ELECTRO-METALL URQY 


259 


suitable for use in electro-plating, for the quantity of metal 
deposited in the bath depends only on the strength of the 
current, and not upon its electro-motive force, so that it is 
only necessary to obtain an electro-motive force sufficient 
to drive the current through the bath of liquid in which 
the objects to be plated are immersed. An electro-motive 
force of four or live volts is usually amply sufficient for this 
purpose; and if it is much higher than is required, not only 
is there a useless waste of energy, but it is found that the 
metallic deposits become uneven and wanting in coherence. 

The dynamos to supply current for electro-plating must 
therefore give a large current at low pressure, and there¬ 
fore they must have a very small internal resistance, which 
means that the coils must be made of thick wire, and there¬ 
fore comparatively short. Continuous current dynamos are 
of course the only ones that can be employed for electro¬ 
plating, and the method of exciting them must be such that 
there is no danger of the current becoming reversed, as the 
result of this would be to remove the metal which had 
already been deposited upon the object to be plated. 

One of the, most important and best known electro¬ 
plating operations consists in the deposition of gold and 
silver on various less expensive metals. Another impor¬ 
tant application, which is rapidly becoming a great indus¬ 
try, consists in covering readily oxidizable metals like iron 
with a thin layer of a more durable material, such as nickel. 
This process is largely employed for trappings of harness, 
the ironwork of carriages and cycles, and also for many 
articles of ordinary daily use. 

The electro deposition of iron, first carried out by Jacobi 
and Klein, has roe.cntly found an important application at 
the hands of Professor Kohorts-Austin, who employed it for 
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obtaining tho dies for Btr iking the medals issued on the oc¬ 
casion of the Queen’s Jubilee. Tho medals were originally 
modelled in plaster, and tho casts reproduced by tho electro 
deposition of copper; and finally these copper dies were 
plated with coherent layers of iron, nearly a tenth of an 
inch in thickness, and hard enough to bo used for stamp¬ 
ing. Tho greatest drawback to this very interesting process 
is that tho operation of obtaining a layer of this kind, suffi¬ 
ciently hard to be used for stamping, occupies from three 
to five weeks. 

In Chapter X. I alluded to the fact that copper wire 
of great tensile strength and very low electrical resistance 
is now being produced at a lower price than used for¬ 
merly to be paid for ordinary commercial copper. This 
is effected by means of a process designed by Mr. Klrnore, 
and which is now being carried out at a factory erected 
for the purpose at Coe.kennouth. 

The process, which is not only applicable to the pro¬ 
duction of telegraph wires, but also to tho manufacture of 
copper steam-pipes, suitable for boilers and other purposes, 
of great strength and homogeneity, is known as the electro 
burnishing process, and consists in tho electro deposition of 
copper upon a mandril immersed in the copper bath, and 
maintained in continuous rotation. 

The copper as it is deposited is compressed into a firm 
homogeneous mass by means of a burnisher, which always 
presses against the mandril, arid traverses continually up 
and down it as the latter rotates. 

Tubes of a very large size can be made directly in this 
manner, and in order to obtain a telegraph wire from one 
of these tubes a helical cut is made, by means of machinery 
specially constructed for the purpose, starting from one end 
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of the cylinder and passing round it in a helix until it 
reaches the bottom. A helical strip of copper of square 
section is thus obtained, and this is drawn through a series 
of circular holes gradually diminishing in size, cut in steel 
plates, until the strip has been drawn out into wire of the 
required gauge. The latter part of the operation is exactly 
similar to the ordinary process of wire-drawing. 

In the year 1871 Blkington first proposed to precipitate 
copper electrolytically from the fused sulphate of copper 
and iron which the copper-smelter designates by the term 
regulus. Thin copper plates were arranged to receive the 
copper as it was deposited, while the other metals present, 
including gold and silver, fell to the bottom of the solution. 

Electricity has also been largely employed for obtaining 
pure copper from the impure form known as “blister cop¬ 
per’ 1 or “blade copper,” the impure metal being attached 
to the positive terminal of the dynamo, and immersed in a 
bath of sulphate of copper, while the pure metal is deposited 
on a thin strip of copper attached to the negative terminal of 
the dynamo. This process is now so extensively used that 
largo dynamos have been specially constructed, which, with 
an expenditure of 100 horse-power, will produce eighteen 
tons of pure copper per week. 

It was suggested by the late Sir William Siemens that 
the exceedingly high temperature of the electric arc might 
be advantageously titilized in the fusion of metals with high 
melting points, and he actually constructed an electrical fur¬ 
nace in which ninety-six ounces of platinum could be melted 
in ten minutes. 

His experiments were unfortunately interrupted by his 
untimely death, hut the method has been recently developed 
and carried out on a very large scale by Messrs. Cowles, for 
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the purpose of isolating aluminium from corim am, and 
alloying it immediately with copper or iron, in order to 
produce the aluminium alloys which are now so exten¬ 
sively employed for various purposes. The adaptability 
of the electric are for the production of aluminium alloys 
was, like many other important discoveries, mad© acci¬ 
dentally, while the inventors were engaged upon a re¬ 
search directed to a totally different object. It appears 
that the two brothers, E. II. & A, II. Cowles, went over 
to South America some time ago to develop a //me mine 
in wliich their father had invested a considerable amount 
of capital The ore was found to be extremely rich, not 
only in zinc, but also in silver; it was, however, so re¬ 
fractory that it could not be reduced in the furnaces 
which were available. 

Some of the ore was thou sent to Ohio to bo reduced 
in a more powerful furnace, but even this failed to reduce 
it; and it there fore appeared at first sight as if the mine 
would have to be abandoned, but, fortunately, one of the 
brothers was an electrician and the other a chemist, and 
the former suggested that the high temperature of the elec¬ 
tric arc might possibly bo turned to account to extricate 
thorn from their difficulty. 

They immediately set to work experimenting with the 
object of testing this suggestion. In their first experiments 
they filled a pipe of fire-clay with a mixture of the crushed 
ore and charcoal powder, placed a bunch of electric light 
carbons at each end of it to act as electrodes, and closed 
tip the ends. A current from a small dynamo was thou 
sent through the pipe, and after a short time the ora was 
found to be reduced, but the pipe also was partly melted^ 
which was a very undesirable result. 



ELECTRO-METALLURGY 


263 


The melting of the pipe was soon found to be due to the 
fact that the charcoal powder, which in its original form was 
a bad conductor of electricity, was converted by the high 
temperature into graphite, which is a fairly good conductor. 
The difficulty was overcome at the suggestion of the chem¬ 
ist, Mr. A. H. Cowles, by the very simple method of soaking 
the charcoal powder in lime water, and drying it before use. 

The coating of lime thus obtained prevented electric con¬ 
duction between the neighboring particles of the charcoal, 
and thus enabled it to retain its insulating properties, even 
when a portion of it had been converted into graphite. The 
inventors very soon recognized that this furnace was exactly 
what was required for the reduction of the oxides of alu¬ 
minium, and experiments, which were perfectly successful, 
were very soon made upon corundum as the raw material. 
At the works which have now been erected, a current of 
5,000 amperes is supplied at an electro-motive force of sixty 
volts, by means of a single dynamo of immense size, prob¬ 
ably the largest which has ever been made. 

The heating power of large currents has also been util¬ 
ized by Elihu Thomson in the United States, and by Ber¬ 
nardo in Russia, for the purpose of welding metals. The 
Thomson process, which is chiefly employed for uniting 
wires and other pieces of metal of comparatively small 
cross section, consists in simply pressing together the two 
pieces to be united, while a large current is passing, when 
the heat developed at the junction is found to be sufficient 
to soften even refractory metals so much that they can be 
easily united. Brazing can also be successfully effected 
by putting brass on the joint while the current is passing. 
In a paper read before the American Society of Arts in 

1886 Thomson suggested that the method would be of great 
Science—Vol. XIII—12 
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value for making tlio long lengths of pipes for boiler coils, 
for making endless hands for saws, wheel tires, and iron 
and steel links for chains; and he also considered that 
there would bo a wide scope for the procoss in the repair 
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Bernardo’s process consists in making the metal to be 
welded the negative pole, the positive pole being a carbon 
rod. This process has been employed to a considerable ex¬ 
tent for repairing metal plates in situ, as, for example, the 
plates of a boiler. In order to weld together two pieces 
of boiler-plate, one of the terminals of a dynamo or set of 
accumulators is attached to the plate, and the other to a 
carbon rod an inch in thickness, held in a portable insu¬ 
lating holder; the metal is then touched with the rod, which 
is immediately withdrawn from a quarter to half an inch, 
thus forming an arc, as shown in Big. 88, which is taken 
from a photograph. 

The metal at the point where the arc is formed melts im¬ 
mediately liko wax, and runs perfectly fluid. When looked 
at through the dark glass employed to shade the eye from 
the glare of the arc, the latter appears liko a blow-pipe 
flame, and is manipulated in very much the same way. 

The use of accumulators makes the whole apparatus 
easily portablo, so that it can bo carried to the place 
where tho repair is required, instead of tho plates having 
to bo taken out and carried to a forge, and then brought 
back and replaced. 
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CHAPTER XVIII 


ELECTRICITY IN WARFARE 



LROTRTOAL TORPEDOES.—I mentioned in Chap¬ 
ter XL that Homo of the earliest submarine olootrio 
cables wore constructed for the purpose of exploding 


mines from a distance. Since that time submarine mines 


or torpedoes have been invented, and brought to a very 
high state of perfection. 

Torpedoes, such as those of Whitehead or of Brennan, 
which can be propelled through the water, to attack a hos¬ 
tile vessel, are almost all worked by purely mechanical 
means without the aid of electricity, and therefore do not 
come within the scope of this volume. 

In the case of fixed or stationary torpedoes or submarine 
mines, however, this is not the case, as these are almost in¬ 
variably controlled and fired by means of electric currents. 
The earlier submarine mines wore fired mechanically on 
being struck by a vessel passing over them, but the use 
of mines of this kind, even when they are of the most per¬ 
fect construction, is attended with extremely serious disad¬ 
vantages. In the first place, the operation of laying them 
down is an exceedingly dangerous one, ©specially if the mm 
is at all rough, for the firing arrangement has to be placed 
within the torpedo before it is moored, and as goon as this 
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is done it is liable to be exploded at any moment by an acci¬ 
dental jar. Another serious disadvantage is that, unless a 
secret channel is left open for the passage of friendly vessels, 
the torpedoes will prevent their entrance into the harbor 
just as much as hostile ones; and if such a channel is left 
it may be discovered and made use of by the enemy. Or 
again, a friendly vessel entering the harbor may, through 
bad weather or the mistake of a pilot, come in contact with 
ono of the mines and be destroyed. Finally, when such a 
system of mines is laid down, the operation of taking them 
up when no longer required is ono which is even more 
dangerous than that of laying them down. 

All these defects are entirely obviated when the mines 
are 11 red by means of electric currents which can be con¬ 
trolled from the shore; and the only disadvantage attending 
the employment of the latter system is the possibility of the 
enemy obtaining access to the firing station, or to the cables 
connecting it with the mines, and rendering the torpedoes 
harmless by cutting the cables. 

The disadvantage arising from this possibility is, how¬ 
ever, a small one compared with those attending the employ¬ 
ment of purely mechanical submarine mines, and there¬ 
fore those now employed for the defence of harbors and 
river estuaries are almost invariably controlled and fired 
electrically. 

Electrically controlled torpedoes may be divided into 
two classes—viz., those which are fired by closing the circuit 
on shore when a hostile vessel is observed to be sufficiently 
near to insure the explosion taking effect; and, secondly, 
electro-contact torpedoes, or those in which the circuit is 
closed by means of a circuit-closer, either contained in the 
torpedo itself, or in a small buoyant vessel moored to 
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the torpedo by a chain or cord of such length as to keep 
it a short distanco below tho level of the water. 

The system of firing by observation is only practicable 
in clear weather and by day, or with the assistance of the 
electric light, while the eleotro-oontaot system can bo em¬ 
ployed at any time. On the other hand, the eleetro-eontact 
torpedo will only explode when the cirouit-elosor is actually 
struck by tho vessel, and as torpedoes have to bo moored 
at a considerable distance apart, in ordor that tho explosion 
of one may not explode its neighbor, tho explosion of one of 
tho torpedoes forming a lino of defence would necessarily 
greatly reduce the chances of a ship coming into collision 
with an electro-contact mine, though it might easily pass 
near enough to be destroyed, or at any rate disabled, by 
a submarine mine fired by observation. Thus tho most 
complete safeguard is afforded by a combination of tho two 
systems. 

Submarine mines of either class are usually charged 
either with some form of dynamite or with wot guncotton, 
and these can only be exploded by moans of a bursting 
oharge formed of some detonating composition, and tho 
most suitable material for this purpose has been found to 
be mercurial fulminate. The fuse is usually tired by the 
heating, by moans of an electric current, of a fine wire, 
usually of platinum, or an alloy of platinum with silver or 
iridium, imbedded in a mixture of finely-powdered gun¬ 
cotton and mealed gunpowder in equal parts. Below this 
is placed the bursting oharge of mercurial fulminate. Fig. 
89 shows a fuse of this kind, which is employed for sub¬ 
marine mines by the British Government. Fig. 90 shows 
a form of circuit-closer suitable for eleotro-oontaot torpe¬ 
does, designed by Colonel Buoknill, and described by him 
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in a recent volume of “Engineering,” to the editor of which 
journal I am indebted for this and the preceding illustra¬ 
tion. MM is a permanent horseshoe magnet, to which a 
ball, B, is attached by means of a spring, as shown in the 
diagram. 

If the buoy containing the apparatus is struck by a vessel 
this ball is drawn sidewise against a silk cord connected 
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Fig. 00 . 


with an adjusting screw at one end, and with a spring detent 
at the other. Tins pulls down the detent and releases a 
wheel driven by clockwork, which then makes a complete 
revolution slowly, during which period the cable is con¬ 
nected through the fuses to earth, so that the mine can b© 
fired if desired. The oilect of its having been struck is 
automatically indicated to the operators on shore, and the 
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time taken by the rotation of the wheel gives them time 
to discover whether the circuit-closer has been operated by 
the shock of a countermine or by a blow from a hostile 

vessel 

To the poles, NS, of the magnets are secured the cores 
of two low resistance electro-magnets, CO, one end of the 
coil wire being connected with the line, and the other to a 
contact-stud, b. The armature, A, is secured by a spring 
to the fixed insulated point, P, whence an insulated wire is 
carried through the fuses to earth. The other end of the 
armature spring carries a contact-stud, u, which engages 
with b when the armature is attracted to the poles of the 
electro-magnet, to which it is prevented from permanently 
adhering by means of two small ivory pegs fixed to the 
under side of the cores. The strength of the armature 
spring can be adjusted by means of a second spring, Q. 
An India-rubber ring, r, tied to a metal ring prevents the 
ball, B, from oscillating too violently. When this appa¬ 
ratus is employed as a detached circuit-closer for a large 
mine moored below it, the stud, &, is eurth-eonnerted through 
an interposed resistance of about 1,000 ohms, and in all cases 
P is connected to earth through the fuses. This circuit- 
closer can bo used cither for firing the mine by observation 
or by contact 

In firing by observation its action is as follows: 

The coils, GO, are wound so that a negative current from 
the shore increases the normal polarity of the soft iron cores; 
consequently when the negative pole of a firing battery is 
connected with the line, a current passes through the coils, 
00, and through the 1,000 ohms resistance to earth, causing 
the armature, A, to be attracted to the electro-magnet, and 
thereby sending a current from the fuses to the earth, the 
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resistance on the fuse circuit being low enough to cause 
the mine to be exploded. 

If, on the other hand, it is desired to fire the mine by 
contact, the negative pole of a weak but constant battery is 
connected to the line, and when the circuit-closer is struck, 
the armature is held up mechanically, and retained in that 
position by the magnetic attraction. The signalling battery 
gives a signal to the shore, and the firing current can now 
be switched into the line or not as desired, the mine struck 
being indicated at the firing station by the deflection of a 
galvanometer, and by causing an electric bell to be rung. 
Only one mine, with a detached circuit-closer arranged in 
this manner, can be attached to the same line, but when 
the apparatus is employed for mines to be exploded by 
contact only the wire from b through the 1,000 ohms coil 
is omitted, and several mines can then be connected with 
a single cable, either one after the other, or in a bunch. 

Gun- Firing by Electricity .—Electrical arrangements are 
now very frequently adopted for firing all the guns in a 
battery simultaneously, or for firing a broadside from 
a man-of-war. 

In the latter case the conducting wires are earned to the 
conniny-tower, the shot-proof tower from which the captains 
of our modern turret-ships will direct the evolutions of a 
vessel during a naval engagement. 

When the vessel is approaching an enemy’s ship the 
gunners will keep each gun trained upon the enemy’s vessel, 
ami the captain will depress the button at the moment that 
he considers the right one for delivering the broadside. 
This arrangement will probably prove to be of the utmost 
value, as there is little douht that in the next naval engage¬ 
ment the first effective broadside will sink or totally disable 
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the vessel receiving it, so that tho result of a combat between 
two ironclads will mainly depend upon which vessel is able 
to lire first with elfoet. 

The Telegraph and the Telephone in War .—The establish¬ 
ment and maintenance of an effective system of telegraphic 
communication between tho different armies, and tho dilTer- 
ont portions of each army, engaged in a campaign, has 
already been proved, by tho experience of several great 
wars, to bo of tho utmost possible importance; and in addi¬ 
tion to tho fixed lines, carried upon poles or underground, 
portable lines arc employed to a considerable extent, tho 
lino-wire being wound upon drums, which are carried on 
to tho field of notion, so that the commander-iu-chief can 
telegraphically direct the operations even of the divisions 
actually engaged in lighting. 

It might at first sight appear that tho telephone could ho 
employed with advantage to replace the ordinary telegraphio 
signalling instruments for such a purpose as this, hut, as is 
pointed out by Messrs. Preeoo and Maier in their work 
on the telephone, its use under such circumstances is open 
to very serious objections. 

In tho first plaoe, it is an invariable and salutary rule in 
the British army that all important orders must Iki delivered 
in writing, and tho value of this rule is shown by the num¬ 
ber of instances on record in which fatal blunders have been 
directly traced to the misapprehension of verbal orders. 
Now, as is pointed out in the work alluded to, an ordor 
transmitted by telephone is worse than a verbal order 
delivered from one person to another, as it will probably 
be transmitted verbally between two olerks who do not 
understand its meaning, hy means of a meohanism which, 
although ol the greatest value sad ingenuity, is far leas 
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efficient than the human voice addressed directly to the ear: 
and in illustration of this an incident is mentioned which 
occurred on a military line, fortunately, however, in time 
of peace, when some intelligence as to the whereabout of 
a submarine mine case at the Needles was received as an 
urgent demand for a case of needles. 

If such mistakes as this can occur in time of peace, there 
can bo no doubt that they would be much more frequent if 
the telephone were employed upon the battlefield, where 
the roar of cannon and the rattle of musketry would be 
reproduced by the transmitters and greatly interfere with 
the distinctness of reproduction of a message. 

There can be no doubt, however, that there will be great 
scope for the use of the telephone in camps, not in the 
immediate presence of the enemy, for carrying out the 
routine business of the camp, promulgating orders, requisi¬ 
tions, etc., and its use would not only reduce the number of 
orderlies at present required to conduct the largo amount 
of correspondence of this kind in a large camp, but would 
very greatly diminish, the loss of time between the asking of 
a simple question and the receipt of the answer. The tele¬ 
phone is also found to be of considerable use as a telegraph 
receiver for employment in field telegraphy, as it is exceed¬ 
ingly sensitive, so that communication can ho carried on 
through faulty lines, or even through bare wires simply laid 
upon the ground. This sensitiveness also enables much 
smaller battery power to bo employed than is required when 
ordinary telegraph receivers arc used. Another very great 
advantage is that when the telephone is used as a telegraph 
receiver it never requires adjustment, and this often saves 
a considerable amount of time in rapidly running out a line 
and establishing communication. 



274 


ELECTRICITY IN MODERN LIFE 


Messrs Prceco and Maier inform us, moreover, that the 
buzzing nignalB given in the telephone receiver are much 
more candy picked up by signallers trained to read flag and 
lamp Bignaln than those of the Morse instruments. The 
current used is an intermittent one, and this intermittent 
current produces a musical note in the receiving telephone. 

This system has been used with great advantage in our 
recent wars, including the Egyptian and the Beehnanaland 
expeditions. 

All the messages from the field of Tel-el-Kebir were sent 
in this manner, and in the Nile expedition it was found on 
several occasions that its use enabled very important mes¬ 
sages to be sent through portions of a long line, which, 
owing to faults, were unworkable by ordinary instruments. 

The telephone is used to a considerable extent, and with 
the greatest advantage, in rifle practice, both in this country 
and in Germany, for communicating between the markers 
at the target and the firing station. 



MEDICAL ELECTRIC ITT < 


27 £ 


CHAPTEE XIX 

MEDICAL ELECTRICITY 

T HE electrical phenomena presented by the tissues oi 
the living animal body, obscure as the subject is, 
deserve a brief mention; especially as electricity 
is now so largely used in the treatment of various dis¬ 
eased conditions. 

Muscle and nerve are the living tissues par excellence , 
and it is their changes of electrical state which have beer 
most studied. 

Currents of Rest —If one end of a cylindrical muscle is 



cut off, as shown in the diagram, Fig. 91, and one electrod< 
of a galvanometer of appropriate construction placed on th 
centre of the cut surface at a, while the other electrode i 
placed on the equator of the muscle, bb, the existence o 
an electric current between the two points will at once b 
clearly evident The existence of a similar current in 
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piece of a nerve-trunk similarly treated can lie demonstrated 
in the same manner, though tho nerve current is much 
feebler than tho muscle one. These currents are termed 
“Currents of Rest”; but whether they are natural or arti¬ 
ficial—i.c., whether existent in perfectly healthy tissues, 
or oidy as a result of injury—is a question which is still 
$i<h judicG. Those who maintain the latter view lay stress 
on tho undoubted fact that the surface of the quiescent frog’s 
heart, which is practically a mass of inusele, is ino-elcctric .— 
so'., on whatever two points on its surface the electrodes are 
placed no current Hows through the galvanometer. 

Current* of Adion.- - Whatever be the truth as regards 
the currents of rest, there is no question as to the occurrence 
of marked changes of electrical condition when a muscle or 
a nerve is stimulated. If, in a muscle prepared as above, 
tho galvanometer is showing a distinct current of rest, as 
soon as the muscle is made to contract by stimulating its 
nerve, tho needle of tho galvanometer swings back toward 
score, a phenomenon known as the myaiirr ruriutinn of tho 
current of rest. But a like electrical change can be demon¬ 
strated even in the absence of any current of rest- c.y,, at 
each contraction of a frog’s heart a very distinct current 
shows itself. Ilenoo the term “Current of Action" is pre¬ 
ferred by those who deny the existence of any natural 
“Current of Rest.’’ This change of electrical state in tho 
muscle precedes the change of form which is the visible 
result of stimulation, and, like the contraction, travels in 
the form of a wave, each portion of muscular substance, 
as it contracts, becoming negative to those portions which 
have not yet contracted, or which have returned to a state 
of rest. 

A similar wave of change of eleotric&l state traverses a 
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nerve winch has been stimulated; it travels at the same rate 
as the nervous impulse, i«e n about twenty-eight metres per 
second in a frog’s nerve—a rate so much slower than that 
of an ordinary electric current, that by itself it suffices to 
show that the nervous impulse is something essentially 
different from an electric current. The association of such 
electrical changes with vital phenomena, when first observed, 
led some too hasty people to the conclusion that they were 
identical, a view to which are due the foolish statements, 
e.y., “Electricity is Life,” which figure so prominently in 
the advertisements of various quacks. 

The use of electricity for medical purposes depends 
largely on the fact that the activity of the muscles, nerves, 
and other tissues, normally dependent on that of the central 
nervous system—i.e., the brain and the spinal cord—can, 
nevertheless, be evoked by other means, mechanical, chem¬ 
ical, thermal, or electrical. The following facts illustrate 
the nature of the influence exerted by electricity upon the 
nerves and muscles. 

When a continuous current is passed into a nerve at¬ 
tached to a muscle, a single contraction of the muscle takes 
place, and a similar contraction occurs when the current 
is cut off; but so long as the current is traversing the nerve 
the muscle remains quiescent. Although, however, there 
is no visible change in the nerve-muscle preparation, the 
condition of the piece of nerve traversed by the current is 
profoundly modified; it is in a condition known as electro¬ 
tonus , and it can readily be demonstrated that in the vicinity 
of one electrode its excitability is markedly increased, while 
in the vicinity of the other it is correspondingly decreased. 
The passage of an intermittent current, consisting as it does 
of a rapid succession of shocks, into the nerve of a nerve- 
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muscle preparation, throws the muscle into a state of con¬ 
traction which persists as long as the current is passing, 
or until the muscle is exhausted. The muscle may also 
bo made to contract by the direct application of an electric 
current, continuous or intermittent, to its substance, without 
the intervention of the nerve; muscle substance is, however, 
much more', sluggish in its response to an electrical stimulus 
than is nerve substance, and unless the stimulus acts during 
an appreciable period the muscle fails to respond. lienee 
if the minute nerve filaments which ramify through a muscle 
be destroyed by disease or paralyzed by drugs, the muscle 
cannot bo made to contract by the intermittent current, 
whereas the continuous current affects it readily. 

Electricity is employed by physicians both for diagnostic 
and for therapeutic purposes. As a diagnostic agent its 
chief use is in cases of paralysis, to aid in deciding the 
important question as to the site of the morbid process, or 
fault, to use a telegraphic term, which has deprived the 
brain of its power over a muscle or group of muscles. The 
lesion may be in the central nervous system itself, or any¬ 
where along the tract of communication between this and 
the muscle or muscles affected—i.e?., it may be central or 
peripheral. In the latter case the minute nerve filaments, 
which ramify through the muscle substance, waste away, so 
that the muscle can no longer be made to contract through 
their agency; in such a case the muscle makes no response 
when stimulated by the intermittent current, whereas its 
reaction to the continuous current is even more prompt than 
usual. There are other distinctions, qualitative and quan¬ 
titative, on which it is unnecessary here to dilate. 

The therapeutic uses of electricity are manifold. One 
of the most important results from its power of stimulating 
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muscles into action. When the communication between a 
muscle and the central nervous system is impaired by dis¬ 
ease, the muscle, being unused, rapidly wastes away, and in 
cases which tend to recover there may be little muscle tissue 
left by the time that the natural process of repair has re¬ 
stored the integrity of the affected communication, so that 
the paralysis is permanent. In such cases the physician is 
able, by the aid of electricity, to give the paralyzed muscles 
such regular exercise as suffices to keep them healthy until 
the central nervous system has had time to regain its power 
over them. 

Electricity is often of great use also in cases of neuralgia, 
rheumatism, painful spasm, etc. Thus, a nerve-trunk may 
be in an unduly excitable condition, or may be conveying 
to the brain impulses originating in a disordered peripheral 
organ; by putting such a nerve into the electro tonic con¬ 
dition, its excitability or conductivity may be modified in 
such a manner as to stop the passage of such morbid im¬ 
pulses, so relieving pain. It is easy to see, however, that 
in such cases the character and direction of the current to 
be employed are points requiring careful consideration; and 
if used without knowledge the remedial agent may aggra¬ 
vate instead of alleviating the morbid condition. 

Electricity is also frequently employed for its chemical 
and thermal effects. Electrolysis may be set up in a tumor, 
so initiating processes which stop its growth, or cause its 
gradual destruction; or in an aneurism, to cause coagulation 
of the blood and consequent consolidation of the aneurism. 
For cauterizing purposes, also, in parts of the body difficult 
of access, the electric current is frequently employed to heat 
a wire previously placed in situ . 

As an illuminating agent electricity is frequently em- 
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ployed to examine various passages and hollow organs 
of the body, the pharynx, stomach, bladder, urethra, etc. 

In conclusion, it may be well to remark that electricity 
is not a universal panacea, and that it does not act like a 
magical incantation. When the effect to bo obtained is 
clearly realized, and tho means employed aro adequate and 
appropriate, tho uso of oloctricity will often be of the great¬ 
est benefit; in the absence of those conditions it is far more 
likely to be harmful. It is only fair to observe that the 
majority of the people who vaunt their marvellous belts 
and other olectrical appliances appear to have borne this 
fact in mind, and avoid harming their patrons by supplying 
apparatus which is as innocuous as it is useless. 
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CHAPTER XX 

MISCELLANEOUS APPLICATIONS OF ELECTRICITY 

I T WOULD be impossible in the space at mj command 
to enumerate all the various useful purposes to which 
electricity is now applied, but I have thought it well 
to devoto a short chapter to a few interesting applica¬ 
tions of electricity which could not suitably be included 
in any of the preceding ones. 

A very interesting and useful application of electricity 
in private houses is one which is now extensively adopted 
in America for enabling private dwelling-houses to be shut 
up during the absence of their owners without danger of 
being broken into by thieves, thus doing away with the 
necessity of employing caretakers. 

The system is a very simple one, and consists in carrying 
a continuous wire in front of every door and window in the 
house, in such a manner that none of them can be opened 
without breaking or cutting the wire. One end of the wire 
is put to earth, while the othor is carried to the contral sta¬ 
tion established by the company working the system, and 
connected to one of the terminals of a galvanometer, the 
othor terminal of which is put to earth. An olectric current 
is kept continuously flowing through each of the circuits 
thus meeting at the central station, either by inserting 
batteries in the circuit, or by means of a dynamo at the 
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central Nation. The galvanometers are watched day and 
night, and if any one of the circuits is "broken the fact is 
at once indicated to the watchman by the needle of the 
galvanometer going to zero. When this happens the police 
are immediately communicated with, and a man is at tho 
same time sent round from tho central station to repair 

tho breakage and to find out 
■whether the interruption was duo 
to accident or not 

Soon after tho introduction 
of this system into the city of 
Washington a negro attempted 
to effect an entrance into a house 
protected in this maimer. Ho 
was aware that the house was 
protected in some mysterious way 
by means of a wire carrying an 
electric current and thinking to 
make tputo sure of obviating any 
disagreeable effects to himself, ho 
took tho precaution of cutting tho 
wire, and then watohod for a con¬ 
siderable time to see what would 
happen. As ho was nimble to perceive any effect as tho 
result of his action, ho thou effected an entry into the house. 
'Ihepoliee, however, had been communicated with, and had 
been watching the burglar the whole time, eo that ho was 
immediately followed, handcuffed, and removed to the police 
cells, much to hi» disgust and astonishment. 

Bleetrio bolls are now in very general use in this coun¬ 
try, as well as in America, and they seem almost too well 
known to need description, but perhaps a brief account 
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of their construction and manner of working may not be 
without interest. 

The ordinary form of electric bell, with its cover 
removed, is shown in Fig. 92. It consists of n electro¬ 
magnet in circuit with a 
battery, the circuit re¬ 
maining open when the 
bell is not in use, and 
being closed by some 
form of push-button. 

When the circuit is 
closed, the armature of 
the electro-magnet is at¬ 
tracted by the iron core 
within the coils, and the 
hammer attached to it 
strikes the bell. When 
the armature is thus 
drawn toward the electro¬ 
magnet, the circuit is 
broken, the electro-mag¬ 
net becomes demagne¬ 
tized, and the armature 
springs back to its orig¬ 
inal position, and again 
completes the circuit through the contact point shown in the' 
diagram. As long as the push-button is kept pressed down 
the bell will continue ringing. 

This is the system generally employed in private houses, 
but in hotels an indicator is usually attached to each bell, 
and when the push-button is depressed, not only does the 
bell ring, but the indicator falls, and, as long as it is down, 



Figl 93. 
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completes tho circuit without the intervention of the button, 
so that the boll continues ringing until the servant whoso 
business it is to answer it has replaced the indicator, thus 
insuring that the call should not pass unnoticed. The indi¬ 
cators belonging to all the rooms in a hotel are usually 
arranged upon a single board in the manner shown in 
Fig. 98. 

Many shops and warehouses are now provided with elec¬ 
tric alarms, which set a bell ringing if the temperature rises 
to such an extent as to indicate that a fire has broken out, 
or, if no one is living on the premises, a signal is auto¬ 
matically sent to the nearest fire station. Similar alarms 
are now employed in greenhouses to ring a bell in the 
gardener’s cottage when the temperature rises above or falls 
below certain limits. 

All the clocks in a large establishment can be regulated, 
if desired, by means of eleotrio currents, from one central 
one, so that it is suflieient to have one first-rate eloek in the 
system, the others, of inexpensive construction, Iteing made 
to Jkeop exact time by the central regulator. 

Another application of electricity of quite recent dis¬ 
covery, but which promises to l>e of considerable impor¬ 
tance, consists in its employment for decomposing the 
offensive gases in our sowers, and removing the poisonous 
properties of their fluid contents, so that after such treat- 
' meat they may be allowed to discharge into rivers without 
fear of spreading diseases. 

The employment of electric currents for exploding sul>- 
marine mines would naturally suggest the advantage of 
using electricity in the same manner for exploding blasting 
charges in mining operations, and, as a matter of fact, it is 
now employed to a considerable extent for this purpose. 
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A very striking example of its advantages was given 
in the blowing up of the rocks at Hell Grate in New York 
Harbor some years ago, when a mass of many thousand tons 
of rock was blown up by means of dynamite cartridges in¬ 
serted in channels which had previously been bored by 
divers in all directions through the rock, and which were 
exploded simultaneously by the passage of an electric 
current. 

One more application of electricity I must mention, but 
only to deprecate it, and that is the proposal to employ it for 
the execution of criminals, which has been recently made 
in the United States. 

Every one who has any competent knowledge of the sub¬ 
ject knows that the greatest possible uncertainty attaches 
to the effects of electric discharges upon human and other 
animal life, and though there would be no difficulty in 
employing a current of sufficient strength to insure imme¬ 
diate death, this result could only be attained with absolute 
certainty by the use of currents which would terribly dis: 
figure the body of the criminal, and the legislature of the 
State of New York has expressly stipulated that the currents 
must not be such as would cause disfigurement. 

I have no hesitation, therefore, in maintaining that it 
would be a most retrograde step to replace the present 
simple and humane method of terminating a criminal’s 
existence by one which in some cases might allow him to 
escape with impunity, and in others might subject him to 
horrible tortures before life became extinct. 
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INTRODUCTION 

During the past five or six years the advances in the 
various branches of electrical science have been many 
and decided; and although perhaps not exploited in the 
sensational manner of the early steps in the art, they have 
been of revolutionary character in many instances, and, to 
say the least, of the very greatest importance. The im¬ 
possible of a few years ago is the imminent of to-day and 
the ordinary practice of to-morrow. 

The electrical art is progressing by gigantic strides, 
each one of which brings it more intimately into the 
daily routine of modern lifo; and especially is this true 
of the United States, where capital is ever ready to en¬ 
courage promising enterprises, and where new systems con¬ 
stantly find fresh and comparatively unoccupied fields for 
development, where the same end has been sought and 
only partially accomplished by inferior and inadequate 
methods. 

In the following pages it is the intention to point out 

the advances in practical application which have occurred 
during recent years. 
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Professor de Tunzelmann has dealt very carefully with 
the complex theoretical propositions involved in the study 
of this art. He has had no easy task to reduce them to 
the simple forms in which they appear, and in which 
they should appeal to the non-professional reader. These 
questions will therefore not be touched upon by the pres¬ 
ent writer, and the following pages will contain, in as non¬ 
technical language as possible, a brief mention and account 
of those prominent features of development in the electri¬ 
cal art which are believed to be of general interest as en¬ 
tering into the application of electricity to modern life. 

F. J. 


Hew York City, August, 1900 
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HEATING BY ELECTRICITY 

W E have seen that the passage of an electric cur¬ 
rent through a conductor is accompanied by 
the generation of heat in the conductor. When 
the conductor is of ample size for the current it is to 
carry, the heat produced therein may be almost impercep¬ 
tible. Many circuits are in use, including miles of wire 
and thousands of lamps, fan motors, and other apparatus; 
and in these cases the cost of the conductors is so great 
that most careful calculations are made so as to use wires, 
in different parts of the circuit, of just sufficient size to 
supply the heaviest demand for current upon them from 
the apparatus with which they are connected, without be¬ 
coming heated to a degree which could set fire to adjacent 
woodwork or damage their own insulation. From this it 
will be understood that the constant effort and care of the 
modern electrician is to prevent the overheating of his 
conductors by the passage of the electric current in any 
and all installations for lighting or transmission of power. 

The process of welding metals together by electricity 
referred to on page 268 , on the other hand, requires that 
the pieces to be united, which of course must be conduc¬ 
tors, shall be heated almost to the melting point at the 
place of contact, when the two thus softened ends are 
pushed together and effectually and permanently joined. 

This machine consists of a table upon which are two 
clamps, an inch or so apart and operated by hand levers, 
to secure and hold the ends of the pieces to be joined, 
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which may he the extremities of a hand of iron to be 
mude into a hoop. The ends of the hand, previously 
bent to a circle, are grasped by the clamps and held 
together endwise. Tho current is now turned on, and in 
a few seconds tho touching ends of the hoop become red 
hot, and very soon a dazzling white. At this point the 
clamps arc pushed together by a screw at tho end of the 
table. This brings the softened and semi-molten metals 
completely together. The flow of current is now stopped, 
and in a few seconds the weld will cool sufficiently to 
allow the hoop to bo removed. 

Under the table is placed a large induction coil, tho 
primary coil of which is supplied with alternating current 
from a suitable generator. The secondary coil is made of 
very largo wire, of only a few turns, tho ends of which 
arc connected to the clamps, and its current passed through 
the clamps on the ends of the metal to he joined, which 
arc hold between them. When no work is in the ma¬ 
chine, the ends of tho secondary coil are separated, and 
if the primary current is still flowing, no current will be 
generated in the secondary coil; hut just as soon as two 
pieces of metal are fixed in tho clamps, and their ends 
brought together, current will he generated in the second¬ 
ary coil in very largo volume, and such current, flowing 
through tho cuds of the piece, will heat them with tho 
results described. Thin method has a wide range of use¬ 
fulness, and has already boon extended to the practical 
welding of the abutting ends of heavy railway rails, while 
in pl&oe in the track, the web ling apparatus being carried 
by a car moving thereon. In addition to welding prac¬ 
tically all sizes of pieces, different metals arc so united, a 
thing entirely new, and including joints of copper to iron, 
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steel to brass, copper to silver, brass to German silver, 
and many other combinations useful in the arts, but pre¬ 
viously not practically attainable. 

Another very interesting application of the heating ca¬ 
pacity of an electric current has been practically applied 
in the construction of the electric liquid forge. This is 
an apparatus for the heating of pieces of metal by electrio 
current to the same extent and for the same purpose as 
in the well-known blacksmith’s forge. This is accomplished 
by moans of apparatus, such as shown in Fig. 94, in which 
A is a tank mounted on any sort of insulating support, as 
for example, wooden legs. The tank A is kept nearly 
full of a liquid JB, which is rendered a fairly good con¬ 
ductor of electricity by the admixture therewith of a suit¬ 
able quantity of salt. O' is a connection to the liquid 
B from the positive conductor of a continuous current 
supply circuit. Metallic contact rails D connected to the 
other, the negative side of the supply circuit, are placed 
around the edges of, and sometimes across the top of, the 
tank A, and are well insulated therefrom. A pump F is 
also provided for pumping some of the liquid into an 
upper tank «, from which it is allowed to run down 
again into the main tank, and thereby maintain a circu¬ 
lation in said liquid. When a piece of metal, as d, is laid 
upon the rail D with its end immersed in the liquid B, 
the current will pass from the liquid to tho pioce d and 
through said pioce to tho rail J), and back to tho genera¬ 
tor. In passing from the liquid to the piece to be heated, 
tho current forms an arc enveloping the immersed metal 
and rapidly heating it to any desired degree. When hot 
enough, tho metal is withdrawn by means of an ordinary 
pair of tongs and worked upon the anvil or under the 
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teristics; first, that of force, called tension or voltage, 
which indicates the speed, so to speak, at which it trav¬ 
els; its other quality, which does most of the heating, is 
that of quantity or volume. It was found in electric 
welding that currents of enormous quantity but of 
very little force were required, so that in a welding 
apparatus a person, without the slightest danger, could 
touch the conductors carrying the current which produces 
the enormous heat necessary; for the reason that the ten¬ 
sion is low and the conductors necessary to carry a cur¬ 
rent of such quantity afford a better path to the current 
than the human body, which will therefore not leave its 
conductors. But even if it did, no injury would result 
so far as animal life is concerned. It is the shock from 
the force of the invisible blow dealt by a high tension 
current passing through the body that kills, and the same 
current which would kill a do^on men joined hand to hand, 
could, if transformed into a current of less force, or lower 
potential, and larger quantity, be passed through them 
without injury. 

Acting upon this, electric heaters have been constructed 
which consist of a number of insufficient or bad electric 
conductors through which a current passes, and in so pass¬ 
ing heats them. Those conductors are arranged in groups 
attached to a suitable insulated base which may be placed 
in a street car or in a room, and will radiate heat in pre¬ 
cisely the same manner as the well-known steam radiator. 
Their groat advantage, however, is that they may bo placed 
wherever the heating effect is desired, can ho turned on or 
off at will from any convenient point, emit no odor, and 
can be operated from the ordinary supply of current for 
lighting. At present, however, these heaters are princi* 
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pally applied to electrically operated street earn, for the 

reason that the kind of current by which heating devices 
would be most economically operated is not usually avail¬ 
able, and the currents that are available, being produced for 
a different purpose, cause the expense of heating by elec¬ 
tricity to exceed that of the ordinary methods steam, hot 
water, hot air, or stoves—that are more familiar, ami 
with which buildings are already supplied. 

Wo all know that cooking can be effected on a gun 
range much more conveniently than by the use of coal, 
but that the gas range is much more expensive to oper¬ 
ate. That is the condition of the eleetrie heater nt the 
present day. It is also well known that it find gas cnti 
1)6 made and distributed at a far less cost than illuminat¬ 
ing gas, and can then be used for cooking purposes eco¬ 
nomically, being much cheaper ami giving more heat than 
illuminating gas in similar quantity, The proper current 
for heating by electricity stands in the mime relation to 
lighting or power as does the fuel gas to the illnminnting 
gas. Notwithstanding the ready availability of gas, how¬ 
ever, there are instances in which heating by electricity 
is applied most successfully and conveniently also to 
cooking. This is done by providing each vessel with a 
heater composed of a coil of wire or suitable thin strips 
of metal arranged so as to form a part of itself, and when 
heated hy the passage of a suitable current will radiate 
heat into the vessel without coming into contact with its 
contents. Instead of placing a kettle upon the stove to 
boil, you simply connect it with the conductors, ami the 
current will do the rest. The heat developed by the, elm 
trie current, as applied to cooking utensil**, is the steadi¬ 
est and most gradual known. There if no dashing or 
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sparking, nor is it concentrated at a single point, therefore 
the food is not liable to be burned as by the intense heat 
of the gas stove, and with proper current—namely, that 
of small force and large quantity—there is absolutely no 
danger whatever. 

While electrically operated cooking utensils are not yet 
in general use, they are made by at least three firms in 
this country, and the apparatus comprises everything 
needed to carry on the operations of cooking. The con¬ 
struction of these vessels may be divided into three 
classes. One, that in which the heating coil or wire is 


via. os. Fio- un¬ 

incorporated into the vessel itself, as in the teakettle. In 
this apparatus the heating coil, which is a bad conductor, 
is placed in the bottom of the vessel and is surrounded 
by an insulating material, which prevents the current es¬ 
caping from the heating wire or strip to the metal of the 
vessel, which is in itself a good conductor of heat. A 
heating conductor covered with enamel similar to that with 
which cooking utensils are often coated, under the term 
porcelain-lined, gives good satisfaction, ami is safe, clean 
and durable. Kig. 95 is a chafing dish on this princi¬ 
ple. Class two includes a small stove upon which the ves¬ 
sel to be healed is set In the ease of electrical appara¬ 
tus these are made small and may be set upon a table, 
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or such, an arrangement as tliat sliown in Fig. 96, with 
an ordinary saucepan upon the stove, the stove itself, 
when the pan is removed, being available for heating 
calces, bread and the like. An oven is constructed 
which is heated by a device similar to the stove, the 
heater being built into its lower portion and radiating 
directly into the oven. One other form of arrangement 
is in use, and this comprises a coil which is in itself so 
constructed that it may be immersed directly in the liquid 
to be heated, so that a large tubful might be heated 
wherever it happens to be. Another very convenient use 
for this immersion coil is for the well-known farina kettle, 



Fig. 97.—Farina Boiler. 


Fig. 97, the coil being immersed in the water between the 
kettle and the pan wbicb would ordinarily be set upon 
the stove. The well-known enamel ware is exceedingly 
convenient for use in this connection, since the enamel 
is an exceedingly good insulator, and will prevent the 
escape and waste of current in case there should be a 
leak from the immersed coil. With the farina kettle the 
coil heats the water contained in the pan, and the ves¬ 
sel containing the farina or other delicate material to 
be cooked, standing in the heated water, becomes heated 
therefrom in the usual way. Heaters are made in various 
sizes and shapes. In nearly every residence there is a cold 
comer which it is difficult to warm, or it is often desirable 
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to heat certain rooms, such as the nursery or sick cham¬ 
ber, to a higher temperature than the rest of the house. 
In the spring or fall, when the furnace is not running, 
the bathroom is chilly, or possibly, in extremely cold 
weather, the temperature needs to be raised ten degrees 
or more to mako it comfortable, and how to get this 
extra heat is a problem that lias been di Hi cult to solve. 

It is not claimed that it is economical to heat resi¬ 
dences throughout by electricity, unless the current is 
produced at a very low cost; but for such purposes as 
have been mentioned, or for heating small offices, no other 
system can compare with the electric air heater in effi¬ 
ciency, cleanliness and convenience. It commences to 
throw out heat the moment the current is turned on, and 
there being no combustion, there is consequently no odor. 

The cost for current for operating electric heating ap¬ 
paratus cannot bo easily given, because there arc many 
variables which would prevent any definite statement be¬ 
ing correct. First, the cost for current varies with the 
locality; in a city with very cheap fuel and liberal pat¬ 
ronage, current can be supplied at a lower price than 
where fuel is high and the patronage limited. Second, 
the amount of current used will vary the cost, as it 
is the general practice to give discounts for the amount 
used over a stated quantity. Third, the operators can, in 
many eases, use much or little to perform the same 
amount of work. This last statement applies particularly 
to domestic apparatus—' Le n forty minutes’ current supply 
will cook a roast that requires to be for an hour and a 
half in the oven, yet a eareless cook might leave the cur¬ 
rent on for tint full time with no advantageous results. 
Water can be boiled in a teakettle with full current in 
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say fifteen minutes, and then kept boiling with one-fourth 
the full amount. In using a radiator it may be allowed 
to run at full load—that is, the full power of current pass 
continuously through it—without serious discomfort, yet 
one-third the full supply would be ample. To enable ap¬ 
proximate estimates to bo made by those not familiar with 
electrical terms, we oan state that the usual incandescent 
lamp requires a constant supply of 50 watts of elec¬ 
trical energy. Take, for example, the teakettle; this re¬ 
quires 2(K> watts maximum, wlik'.h equals four lamps. 
This amount of current is required for fifteen minutes to 
boil one pint of water (starting with everything cold), 
and then, by the operation of the switch, the current sup¬ 
ply can be diminished and it can lw kept boiling indefi¬ 
nitely, with only fi() watts, the current required for ouo 
lamp. Knowing the cost to operate a lamp for one hour, 
it is easy to compute the cost, per hour for operating the 
different devices, if run continuously by the hour at a 
stated load. 

There are many items now manufactured for use in 
the homo, which, on account of the fact that they arc 
only occasionally needed, use so little current that tho 
cost for operating them is not appreciable, ami would 
hardly ho considered in comparison with the amount of 
comfort and convenience to lui derived. For instance, the 
eurling-iron heater, the chafing dish, seaming iron, small 
nursery stew-pan; all of these being articles which would 
not be sought or desirable in the kitchen, but exceedingly 
so in remote parts of tho house—more especially when they 
could he had and used without dirt or disturbance, and 
could, in fact, ho connected to a lamp socket and removed 
again in a few minutes. Another device is a heating pan, 
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which replaces the old-fashioned water bag, giving any 
desired degree of heat without danger of leakage, and also 
without the discomfort of being obliged to have the bag 
too hot at first, in order that it should last long enough 
to be worth while. 

For Summer cooking and laundry use, special rates can 
always bo obtained, and the cost for electric heat, if care 
is used, will be found about as cheap as other fuels. 
Actual experience shows practically no change in the 
room temperature in summer where electric cooking is 
in progress. 

TIME REQUIRED 

Stoves and griddles are ready for use— L e., have 
reached a temperature for cooking—in from 5 to 8 

minutes from time current is turned on. Broiler, 12 to 
14 minutes; oven, 20 minutes; farina boilers, 6 to 8 min¬ 
utes; chafing dishes, 10 minutes; stew-pan, 5 minutes; 
laundry irons, 8 to 10 minutes very hot; tailor’s irons, 
6 to 12 minutes; foot warmers, heating pads, 5 to 15 
minutes; curling-iron 'heater, 0 to 8 minutes; plate 
wanner, 10 minutes; soldering iron, 5 to 8 minutes; 
glue pots, 15 to 80 minutes. 

To boil water, storting with water and heater cold: 
stew-pan, 1 pint, 10 minutes; small teakettle, 1 pint, 15 
minutes; 8-inch stoves (using suitable flat bottom vessel), 
1 quart, 18 minutes; teakettle, 1 quart, 15 minutes; 2 
quarts, 28 minutes; hot-water urns, l gallon, half full, 
in 85 minutes, full, in 1 hour; 2 gallons, half full, in 60 
minutes, full, in 1 hour and 20 minutes; 8 gallons, half 
full, in 87 minutes, full, in 80 minutes; 5 gallon®, half 
full, in 80 minutes, full, in 55 minutes. Very hot water. 
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about 175 degrees F., can be bad in about two-thirds the 
time stated for boiling. 

Water heaters can be constructed which will boil the 
quantities mentioned in about half the time, but the cur¬ 
rent required would be nearly double that mentioned for 
any standard articles. Coil heaters when immersed in a 
covered vessel give the following results, using maximum 
current; and after water boils will maintain it at the boil¬ 
ing point with one-fourth of the maximum: one pint in 
ten minutes, and so on, in accordance with the size of the 
coil and amount of current used. In one instance, how- 



Fig. 98.—Tailor’s Iron. 


ever, electricity is now considerably used, namely that of 
Heating tailor’s irons, Fig. 98. The iron is provided with 
an insulated conductor imbedded near its lower face, 
through which the current continually passes, the great 
advantage being that the iron can be kept at practically 
s constant temperature, and its polished surface is not in¬ 
jured by contact with fire or by being placed upon a rough 
stove. 

The steam laundry using gas for heating the ironing 
machine is a thing of the present. The electric laundry, 
in which all machinery is driven by electric motors and 
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the ironing machines heated by the same agency, will un¬ 
doubtedly replace the former in the near future. In this 
connection the radical differences between the two sys¬ 
tems of producing electric current, the continuous and the 
alternating, can perhaps be simply explained. Continuous 
current, that is current flowing always in the same direc¬ 
tion, passes through the circuit, operating lamps or motors 
of the continuous current typo, always with the same force, 
losing only what is consumed or what is lost by travel¬ 
ling over the conductors. 

With the alternating current, however, the conditions 
are greatly altered. This current is generated in substan¬ 
tially the same kind of dynamo-electric generator as the 
continuous current, but it (lows directly into the wires 
for distribution without being corrected or straightened by 
means of a commutator on the generator, and therefore has 
a back-and-forth movement; or you may my that the cur¬ 
rent is made up of an enormously rapid succession of small 
currents first in one direction or of one polarity, and then 
of the other. This alternating current serves to operate 
inoandeKeent lamps just as well as that of continuous di¬ 
rection, and if there are, any variations in the light given 
thereby, tiny are so small and so rapid as to be impor- 
cepfcible to the eye. This current is also used to operate 
are lamps with slight modifications in the automatic car* 
bon feeding devices, but such lamps can also be used in 
continuous current circuits. The alternating current, how¬ 
ever, possesses the very great advantage of being capable 
of transformation from a current of great force and small 
quantity, which traverses long lines of comparatively small 
conductors with little loss, into currents of small form and 
large quantity at the point of consumption. In tit© mm 
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of a building provided with electric lamps, whore it ia 
desired to also use cooking or heating apparatus, the 
main high tension lines are tapped, and a small insu¬ 
lated box called a converter and containing only two coils 
of wire is provided* One of the coils is connected to 
the line, and the other is connected to the wires en¬ 
tering the building from which the lamps are supplied. 
There is no mechanical connection between these eoils, 
nor are there any moving parts whatever in a converter. 
The current passing through the primary or supply coil 
acts inductively upon the distributing coil, generating a 
similar alternating current therein of u force and quantity 
corresponding to the mm of the wire composing the sec¬ 
ondary coil, so that the high tension current in the main 
lines can be reduced or transformed to an entirely harm* 
loss low-tension current entering the building. This re¬ 
duction can be carried on indefinitely. A semnd trans¬ 
former may be placed within the budding, whirh, having 
its primary coil supplied by the current operating the 
lamps, will give out a current of still lower force and 
increased quantity suitable for the relatively economical 
operating of heating devices. 

The general adoption of this plan is solely it question 
of expense. Current, particularly by alternating methods, 
is produced much more cheaply now than ten yeara ago, 
due to the immense improvements in the construction of 
generators. Slow-running dynamos of enormous m/,e urn 
now being used and connected directly to their driving 
engines, instead of a large number of small generators 
driven at high speed through halts tuttl eountt'ndmftH 
operated from one engine as formerly; it being well 
known that the proportion of the power developed by 
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the engine which is required to drive the belts and 
countershafting is very considerable. 


DANGER TO LIFE 

We frequently hear of electrical workers being killed 
by the current and from this naturally proceeds the belief 
that all electric currents are dangerous, even deadly, and 
that any contact with a highly charged electrical con¬ 
ductor will result in fatal shock. There is, however, 
much misunderstanding on this point. It is admittedly 
dangerous to play with fire, also to enter a crowded ma¬ 
chine shop in full operation and to walk about carelessly 
without regard to moving parts or waving garments, and 
an electric power generating station would probably be a 
very dangerous playroom. Yet the electricians in charge 
survive their daily attendance upon and care of the most 
dangerous machines in regular operation. How do they 
do it? 

We have seen that it is the characteristic of force, 

voltage, in an eleetrie current which makes it dangerous 
to life. Also that in currents to be economically distrib¬ 
uted over long distances, the characteristic of force must 
predominate; but it is also true that for an electric current 
to produce death, ortho appearance of death, it must j»;mh 
through the body. It is not huU ndent that it gets into the 
system; it must also have an exit. For this reason there 
is always a dry wooden platform or floor about a high ten¬ 
sion generator, so that if the attendant were to touch hut 
one of the conductors forming a part of the circuit with 
one hand while standing upon the dry floor, which m m 
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good insulator, the current could not go through him and 
no harm would result; but let him do so and at the same 
time lean against a metal pillar or pipe oonneeted with the 
ground, the current would go directly through him, and, 
if sufficiently powerful and continued for u few seconds, 
would produce death. A high tension eleetrie current 
strikes a terrible, stunning blow accompanied by contrac¬ 
tion of the muscles, so that having partially grasped a 
dangerous conductor and being in contact ilmmgh some 
other part of his body with the other conductor of the 
circuit or with the earth, the unfortunate person would not 
be able to let go ami the continued How of the current 
through his body would result in death, just as sufficiently 
continued immersion drowns beyond the possibility of re¬ 
suscitation, In this respect there is the greatest possible 
difference between grasping a wire, as described, and a 
mere shock, such as would be received by toiiidimg the 
conductor with the back of the hand which in that posi¬ 
tion could not bo forced to grasp it; the resulting eon- 
traction would draw the hand away with probably no 
more injury than a severe burn. 

Many electricians make it a rule when working upon 
or about a high tension dynamo to use one hand only, 
keeping the other behind the back, since the most deadly 
position in which to receive the current is from one hand 
through body and vital organs and out through the other 
hand to the return circuit. 

Dry shoes and socks afford in themselves a great meas¬ 
ure of protection, some being of insulating material they 
would oppose the escape of current through the feet to 
the ground, that is, to earth; while damp socks, n nail in 
the heel of the shoe and damp earth underfoot, would 
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afford a ready path to a high tension current and produce 
fatal results. 

The man standing upon a dry non-motallie floor having 
on dry shoes and rubbers could not bo killed by the most 
vicious current should ho simply touch one of the wires 
conveying it, because his connection with any return con¬ 
ductor would bo lacking, and it would bo like pouring 
into a bottle as distinguished from pouring into a pipe 
with both ends open. 

In a series of experiments made to determine the re¬ 
sistances of a human body, Mr. Edison finds that the 
grease and foreign matter with which the hands of the 
workmen examined by him wore more or less coated* in¬ 
creased to a very great extent the resistance to the passage 
of an electric current into their bodies through their 
hands, affording fair protection against currents of moder¬ 
ate force in ease of temporary and insufficient contact, m 
by a more touch. 

It is often assumed because a horse is killed by an 
electric current that the driver had a wonderful escape. 
Horses are very much more easily killed in this wav than 
human beings; they have four contacts on the ground in¬ 
stead of two, and these, in a horse shod with iron, m is 
usually the ease, make an excellent connection with tliu 
earth, and so enable more of a given current to pass 
through his body than would go through that of a human 
being. Then, too, an animal seems to bn totally din *nd 
of mental resistance, succumbing at often and itopidessiy 
to a shock of any kind, and it seems to be altogether int- 
possible to revive an unconscious horse with any iticiiift® 
likely to be available in time. The passage of a powerful 
electric current’ through the human body fur a short flints, 
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even though accompanied with all the appearance of death, 
docB not l>y any means necessarily result fatally. The 
writer knows an electrician, Mr. Frank Mayo, who has 
received through his body the full current of a dynamo- 
electric generator feeding a circuit of am lamps at a pres- 
sure of 8,500 volts. He describes the result ns the sensation 
of being struck a terrific blow with a stuffed club, then 
oblivion. This man would unquestionably have died had 
his comrades stood by and done nothing, allowing him to 
cool off and his blood to coagulate in his veins. Hut tiny 
went promptly to work and he soon revived and recovered 
entirely. The treatment in the ease of an electric knock- 
out is precisely the same as in eases of apparent drowning. 
The body is kept warm, vigorously rubbed, and artificial 
respiration produced, if necessary, in the weibknuwn manner 
by mechanical movements of the body. In almost all eases 
of this kind the stunning effect of the shock passes away 
in a few minutes and the patient survives, Of course lie 
will need some quiet ami rest, but he soon regains his nor¬ 
mal condition without any permanent ill effect. In the in¬ 
stance referred to, the current was of the continuous type, 
which gives one tremendous blow, actual death resulting 
either when the current continues to flow through the 
body for a sufficient time to exhaust the capacity of the 
nervous system to react, or to produce ehemienl changes 
in the fluids therein which are necensiirily fatal; or when, 
from lack of assistance, the temperature of the body falls 
too low before reaction takes place. 

With alternating current, however, the ease is different, 
because that current is composed, as we have seen, of n 
rapid succession of small currents, in regular commercial 
practice several thousand per minute, varying accorditig 
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to the use for which the apparatus is designed. When these 
are of high tension a rapid succession of blows arc dealt there¬ 
by which very quickly exhausts the recuperative power of 
the system and, aside from any other action, produces death. 

Mr. Tesla says that when the Frequency, that is, the 
number of alternations per minute, is run tip to 100,000 or 
so, as has been done, the current becomes more like a 
tremor in the circuit and loses the deadly effect of tower 
frequency, as, say from 7,000 to 10,000 per minute; and 
that such current can bo passed through the human body 
for several seconds at a time without danger to life and 
with the effect of a strong tonic. It is said that lie takes 
this currency frequently as a bracer. Being on such fa¬ 
miliar terms with alternating electric currents, Mr, Tesla 
is probably immune. As for the rest of us, well, we will 
take his word and believe him without trying it. 

After most careful consideration, alternating currents 
from an ordinary commercial generator have been adopted 
by tbo State of New York as the means of legal execution 
of criminals. Oflieial electrocution is carried nut by placing 
the condemned in a chair insulated from the ground, con¬ 
necting the hands and tlie head to t In* main conductors 
of tint circuit, and then turning on an alternating current 
of sufficiently great force to instantly produce unconscious* 
ness, the flow of current being continued until life is de¬ 
stroyed. The closest observation has established the fimt 
that unconsciousness comes instantly; s*» that it is believed 
that this mode of execution is the most merciful yet de¬ 
vised. The apparatus being altogether out of sight, tins 
unfortunate is spared the public exhibition of the ghastly 
preparations; and it is understood that the whole iilfuir n§ 
over in a few minutes. 
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KLKOTRIG RAILWAYS 

Tine electric railway in its most recent development in¬ 
cludes three systems, known popularly m the “Trolley 11 
the “Sub-Trolley,” mid the “Third HhiL" in all of which 
the current which drives the motor upon tin* car in of the 
continuous type. (total, reliable, efficient, comping, nmj 
exceedingly convenient, motors are now made, and, isi gen¬ 
eral use, driven directly by alternating etmvnm ; but they 
are, with one or two exceptions, stationary motors hn\ ing 
certain specified work to do. They are employed in mills 
and factories, and by the thousand for dn\ ing electric 
fans; but, for technical reasons, they are not fu-*t suited 
to the operation of electrically dri\ eti cam, carriages of 
wagons, due to the great variatioit in nj»i t*d, po«»=r and 
control there required, as compared with the e«mhnuume 
current motor, so that the eoutimioim nnroif m«*n*r of the 
series type is used exclusively for these | mi rp*i«i#\M, So 
great, however, in tint ei'oiiom v of tin* alii-rmitui:' .-<n crut 
generator that cm ninny largo .dootno rmlmn i H„- ,. t mvni 
for operating tin' eontimiourt eiinrnt iii>>!.*r > th> n .m ix 
originally generated l.y an nUernating ohm. mi .i . t 
'i’liis generator in Hornet into* looutod at a give! dmlaiiou 
from the railway to which the cmrr.-nt i. ( rom.-M-d 
ConduotorH of eonipanitivoly xttuiil ai,*,e and in a ...edition 
of high tonmon, great fore.*, nml o.»rrrKj...itdii<:-U „jn;dl 
quantity or volume. Thin emroul in lnuiMiY.no. M fi.-m iIm 
original condition, nt point* Mullioiontly mm* t>. whore it 
ix to ho UMC'd, to a current of oontimioui, direotion and 
of lower potential and greater quantity. Tin* i* ao.-mu. 
pliaiicd by incatiH of what are called rotary irmotfornior*. 
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one form of which, previously known as a motor generator, 
consists of an alternating-current motor and a dynamo- 
electric generator mechanically connected so that the alter¬ 
nating current from the high tension supply circuit drives 
the motor and with it the generator. This generates and 
sends to the railway line continuous current of the desired 
potential just as though it were driven by a separate steam 
engine on the spot, but far more economically. The latest 
form of this apparatus will be further referred to in de¬ 
tail. In this way the power of a waterfall miles distant 
can be utilized for a long line, of railway, the alternating- 
current generator being located at the source of power— 
the waterfall—and operated by suitable water-wheels, and 
sending its current to the rotary transformers located at 
diiferent points upon the line so that the current supplied 
directly thereto shall maintain a practically uniform ten¬ 
sion throughout. The sections so supplied overlap suffi¬ 
ciently to give all the current that could be required at 
any point along the line to meet any unusual demand, as 
in case a largo percentage of the whole number of trains 
were running at once and close together. 


THE TROLLEY 

Thk “trolley” is the popular name for the system of 
propelling street cars by electric motors which was the real 
pioneer that brought tlio subject before the public. This 
system demonstrated the capabilities of electric motors for 
transit and similar purposes, inaugurating a complete revo¬ 
lution in the means and methods of transportation, the ulti¬ 
mate extent of which can only bo surmised. 

As referred to in previous pages, some experimental 
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work had been dona in thin direction, but Hindi difficulty 
had been encountered in conveying the current to the 
motora upon the earn that them? previously tried plans 
have entirely disappeared. The system now in use m the 
invention of Ohas, J. Van Depocle, a naturalized American 
citizen, who at the time was the head of mi ehvtrio manu¬ 
facturing establishment in Chicago, Illinois, and it was aide 
aequently adopted bv Mr. Frank J. Sprague of New York 
in his many important installations, Mr. Van Iteporlo ex¬ 
hibited a thrceear train operating upon this system, at an 
exposition held at the city of New Orleans in the latter 
part of the year iKHfi, and the first commercial installation 
wan in the city of Montgomery, Alabama, during the early 
part of the year 1887, sixteen motor cars running over 
fourteen miles of truck lining then and there in opera¬ 
tion. With the trolley system, a street ear provided with 
electric motors, connected to its wheels, is operated by the 
current taken from u bare copper ‘'trolley w ire, M which 
is, however, wall insulated from its supporting poles nnd 
arms, or poles and crons wires from whudi it m inmpemled 
above the track all along the limy This wire m rouneeted 
to one pole of the generator and kepi suppled with cur 
rent of the continuous kind. Current from the trolley 
wire in conducted to the motors upon the curs through 
a grooved brans wheel, the ancient name of which is a 
“trolley.” This practically new and easy word caught 
the ear of the public and was at once applied u* the 
system. 

The trolley wheel runs along the under side of the wire 
suspended overhead, and is supported at the upper end of 
a polo pivoted cm the top of the ear with springs nt iti 
lower end, which hold it up and press the trolley wheel 
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against its wire, tlrus making continuous contact with, the 
current-supplying wire as the car moves along. In the 
simplest form of this arrangement one suspended wire only 
is used for each track, which is connected to and conveys 
the current from the generator. The rails of the track are 
electrically joined at their ends by copper bonds or bands 
securely riveted thereto. These bonds unite all the rails 
to form a continuous conductor, which is connected to the 
other or return side or pole of the generator. The cur¬ 
rent taken from the suspended wire passes, by way of 
the trolley wheel, down through the pole, or a wire at¬ 
tached thereto, through the regulating devices which are 
controlled by the motorman, through the motors operating 
them, and then by a connection, from the motors to the 
axles and wheels of the car, from which it passes to the 
rails of the track and so back to the generator, complet¬ 
ing the circuit. The car with its trolley wheels and mo¬ 
tors is thus placed between two conductors, just as is an 
incandescent lamp between its conductors, and by manipu¬ 
lation of the current-controlling mechanism the motorman 
allows more or less current to flow from the upper con¬ 
ductor down through the trolley wheel, the wire carried 
by the trolley pole, the regulating mechanism and the mo¬ 
tors for driving the car, from which it passes by way of 
the wheels to the rails and back to the generator. This 
is the simplest form of electric railway in use, having 
proved mechanically superior to its predecessors, and also 
entirely successful in operation, while at the same time 
the most economical of all systems in cost of installation. 
It therefore soon appealed to capital as being speedier as 
well as cheaper in operation than any other known motive 
power, and very soon convinced the public of its capacity 
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and overwhelming success and so went into what Is now 
practically universal use in this country, tho United States. 

The trolley has some objections, and much has been 
said about the effect of tho return current escaping from 
the rails, passing to the earth and causing damage to sub- 
terranean pipes. In one city, Cincinnati, Ohio, a complete 
double sot of conductors was placed overhead, und tho 
trolley pole provided with two separate contact wheels or 
two separate trolley poles arranged side by side, so that 
the current in that system never gets to the ground at 
all. But thousands of miles of trolley roads have been 
built and ninny thousands more will be built in plaees 
and on roads where there are no pipes to be injured, and 
where no other system of transportation of eipml capacity 
as compared with the original cost and subsequent ex¬ 
pense of maintenance and operation, could be provided 
in any other known manner. In many cases where more 
expensive systems would perhaps never be installed at all, 
the introduction of tho trolley and the utilization of wasted 
waterfalls or cheap fuel will, by introducing a supply of 
electric current into a community for lighting and power 
uses, lead to other and further developments, build in¬ 
dustries now impossible, and so lead to material economy, 
advancement, and advantage, such as is now unknown except 
in a few favored localities. 

SUB-TROI.LBY 

This system, which is a refinement of the original trol¬ 
ley system, consists in placing two conductors in a trough 
or oonduit below the surface of the roadway and forming 
a continuous slot, or opening, level with the roadway above 
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them. These conductors constitute the outgoing and return 
paths for the current, are mounted in the troughs on thor¬ 
oughly insulated supports about six inches apart on its 
opposite sides, so that a flat plate extending downward 
from the ear and provided with a contact shoe on each 
side can engage their opposite faces. The regulating de¬ 
vices and the motors upon the ear are exactly the same 
as in the overhead trolley system, the only difference be¬ 
tween the systems being that, with the sub-trolley the cur¬ 
rent is takers from and returned to the conductors in the 
conduit below the surface instead of from a conductor sus¬ 
pended above the ear. In this manner all objection is ob¬ 
viated, the conductors are out of sight, and, there being 
two complete circuits, each well insulated, there is no 
chance for the current to escape to the earth and injure 
subterranean pipes. This is the system exclusively in use 
in the cities of New York and Washington, D, 0., and 
will undoubtedly supersede the overhead conductor system 
in other places whenever the enormous expense entailed 
in the suletrolley construction is warranted or demanded 
by local conditions. As to its successful operation, there 
is no room for doubt. 

THIRD RAIL SYSTEM 

Thk third rail system, as generally understood, is in¬ 
tended for use where the lino of the railway is not trav¬ 
elled over or used ns are streets and highways. Such, for 
example, as the elevated railways of New York and Chi¬ 
cago, and the correspondingly isolated underground or tun¬ 
nel railways of London. 

In these systems one or both of the track rails is util¬ 
ised m a return conductor, and the third rail, mounted 
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upon insulated supports, is located alongside of the track 
so as to bo within convenient roach of a cum tact shoe, 
which is simply a piece of cast-iron attached to a spring 
secured to one of the trucks of the motor car and run¬ 
ning on the top of this extra mil The third rail is 
usually similar to the others, is placed at about the same 
height, and the end of each piece is connected to the suc¬ 
ceeding one by copper bonds or bands riveted fast in lodes 
bored therein for the purpose. Iron is not as good a con¬ 
ductor as copper, having only one-seventh of its conduct- 
Ing capacity, but an ordinary rail is of such sixe as to 
form an ample conductor, its material is so strong that the 
cast-iron shoe may rub along its upper side for years with¬ 
out damage, and again, the rail is provided with a broad 
flat base by which it may easily lie secured in position, so 
that it constitutes the simplest and also the best means 
of constructing a conductor that has been found. 

These third rails follow the truck and lire laid at a 
fixed distance, about a foot from the rails, all along the 
line. Where it is impossible to put the third mil on mm 
side cm account of a switch, a frog, or a branch track, a 
piece of third rail is placed upon the opposite sole ami 
electrically connected to the discontinued portions, The 
tracks arc provided with contact shoes on each side, so 
that the train need never be, evoit for u moment, beyond 
the motorman’s control for lack of current. The method 
of supplying current to tins third rail does not differ in 
any important manner from that by winch the trot ley ami 
sub-trolley are supplied, nor is there any substantial dif¬ 
ference in the construction of the motors or their ojiern* 
tion from the other two systems. In referring to the third 
rail system, the public should understand that larger iiiid 
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heavier care arc', used than on street railways, and that trains 
of ears arc; to be operated, the railways being to all intents 
and purposes the same as previously operated by steam 
engines, which they frequently displace. 

Many different methods of controlling electrically pro¬ 
pelled trains of ears have been proposed, and several have 
been tried, the most, obvious bed tig to equip the front cars 
with motors powerful enough to pull the whole train in 
place of the steam engine. This is the essence of simplic¬ 
ity, and two electric locomotives have been in regular use 
for several years hauling the heaviest trains, both freight 
and passenger, through the Baltimore & Ohio tunnel in 
Baltimore 1 . However, in some special installations, as the 
elevated railways, the strength of the structure is the im¬ 
portant feature which must be considered first, last, and 
all the time, and the question is how to operate the 
longest, trains at the greatest speed without overloading 
the structure or rendering the cars difficult of control. 
The greatest attention is, therefore, being given to the 
question of how to start the train easily and attain the 
highest- permissible speed in tbe shortest possible time, 
and this is secured by placing motors upon several of 
the ears of a train and thereby avoiding the accumulation 
of excessive weight in any one place. Obviously, it would 
lie difficult to secure unanimous action on tho part of a 
number of motormen separated from one another, so the 
most modern solution of this difficulty is to connect the 
conductors of all the motors so as to bring them under 
simultaneous control from a single point. This has been 
accomplished by the admirable system of Mr. Frank J. 
Sprague, now in operation on the Chicago elevated rail¬ 
ways. According to this system the length of the train 
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makes no difforonco, because the longer the train the more 
motors there are. It can bo operated at any point, and 
after the starting signal has been given and the current 
turned on, all of tho motors, moving in unison, bring the 
train to its maximum speed in as short a time as eouhl one 
large and powerful locomotive, tho mere weight. of which, 
aside from its draw-bar pull, would bo sullieieut to wreck 
the structure and bring it to the ground. 

In tunnels, where the hot gases and eimlors rushing 
back in a confined space make it necessary to close ear 
windows and ventilators even in tho most stifling weather, 
the electric motor is especially to he preferred. Here there 
is no limit of weight to bo considered; and an electric loco¬ 
motive attached to one end of the train, and suflleiently 
powerful for all purposes, can readily he used. This is 
preferred whore no mechanical objection exists, because 
the mechanism to he operated, controlled, inspected and 
kept in order, is concentrated in a few locomotives instead 
of being subdivided and attached to a relatively large 
number of cars. 

In this third rail system the track rails need not be par¬ 
ticularly insulated, merely connected at their ends, as they 
are used only to carry the current away from the motors 
back to tho generator after it has done all the work of 
which it is capable. A return conductor of some kind must 
be furnished so as to form a complete circuit, and this is 
essential under all conditions. It is suflleient if one of 
the two necessary conductors is insulated so eilleiently 
that the onrrent cannot escape therefrom except as it is 
permitted to do so through the motors to be operated. 
All care in insulation is bestowed upon the third rail, 
whioh is mounted upon very strong porcelain supjtorwi, 
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themsolvos sustained upon rigid stems or pins attached to 
the adjacent framework. Tho third rail can of course be 
and often ia placed in the middle of the track between 
the ordinary rails, but with such arrangement it must be 
carried under switches or crossing tracks in order that it 
be continuous. In such cases, parts of the conductor would 
bo out of reach of the forward contact shoe in crossing 
switches, and undor these conditions the car is either car¬ 
ried over tho breaks by previously acquired momentum, 
or, by providing a shoo at each end of tho car, one or other 
of them would bo always resting upon the conductor, the 
breaks being always less in extent than tho length of the 
motor car. This system is exceedingly simple, strong, 
durable, and economical in construction and maintenance. 
The current-carrying conductor is strong and little liable 
to damage or accident, and all throe of tho rails being in 
tho best position for examination, any fault or flaw can be 
readily discovered and corrected. In fact, tho only disad¬ 
vantage of this system is that it cannot safely ho employed 
in connection with general traffic where people and animals 
pass along and over it, because of the danger to life from 
accidental shock, and the danger to the system of its being 
maliciously rendered temporarily inoperative by connecting 
the third rail with the return conductors, as, for instance, 
by laying a bar of iron across them. This, by giving a 
short direct path to the current from tho third rail back 
to tho generator without encountering tho resistance of the 
motor, would divert an immense flow of current suddenly 
away from the rest of the line, creating what is known as 
a short circuit. Such an occurrence not only deprives the 
motor* upon the cars of the current necessary to operate 
them, but in many instances results in serious damage to 
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the generator by returning to it suddenly an immense vol¬ 
ume of current, which, unless very quickly discovered anti 
cutoff, would overheat its wires to such an extent an to 
bum their insulating coverings and render the machine 
useless. 

The permanent generating or power station for the Met¬ 
ropolitan Street .Kailway system of New York ( ’ity will, 
when completed, comprise eleven monster dutfimo electric 
generators, each capable of producing electric current of 
the equivalent of 7,000 horsepower. These maehineH arc 
of the engine type, that in to any, the two ends of the 
shafts carrying the rotating element of the dynamo idee- 
trie generates are conneeted to the piston-rods of the en¬ 
gine by which they are directly driven without the inter¬ 
position of baits or gear of tiny sort. These generators 
run at the lowest speed for which dynamo electric g«-uer- 
a torn have been designed, v»/«, seventy dive revolutions per 
minute, and thin in possible on ueeount of the enormous 
bizo of the generator, which, at this rate of revolution, 
gives a sufficient peripheral speed to the moving part. 
The Btaam engines to drive these dynamos nr*- of the wry* 
latest type; inverted, vertical, compound two cylinder. 
Some idea of the gigantic mm of thin apparatus min be 
gained from the fact that they nre practically three Dorics 
high. The power house for these big engines is located 
near the Kant River and N ineiy* second Street, where an 
abundance of witter eitn be obtained fur use in the con¬ 
densers, and where eottl in brought in barges direet to the 
bunkers at the minimum ex pen sc. The current generated 
in these largo machines and pent out from the atatum 
will be of high tension and of the alternating type, ft 
will pass over relatively small conductors to sttb 
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located in different parts of tlio city along the lines of 
tracks. At each sub-station will be one or more rotary 
convertors, which will receive the high-tension alternating 
current and straighten it; that is, will change it into con¬ 
tinuous current, and at the same time reduce its potential 
or force to the point required for use by the motors on 
tins cars by which said cars are propelled. 

In the installation of a gigantic plant like this one, 
where a few enormous generators, or large units, as they 
are called, arc employed to produce the vast volumes of 
current necessary for the simultaneous moving of hun¬ 
dreds of heavy earH, there must necessarily he a large 
amount of detail, and much ingenious work, to prevent 
loss by leakage and accident. Also, in order to know that 
the current, being generated is of the proper character and 
potential, indicators have to ho provided, and the whole 
network of conductors is divided into sections supplied 
by feeders, so that the pressure of the current may he 
equalized as nearly as possible throughout the entire sys¬ 
tem, including even the most distant portions thereof. 
The eleetneal art has, however, at the present time fully 
reached the point where all these details are provided for 
in the fullest and most thorough manner possible. Yet 
a detailed account of the special features of construction 
would require u hook in themselves. They are therefore 
omitted except for the statement that the most elaborate 
precautions are taken to protect the apparatus against the 
effects of short circuits betweun the conductors or of acci¬ 
dental ground connections and of lightning discharges. 
Most carefully designed eut-mit switches are also provided, 
by which the circuits in the power house may he opened 
and the combinations changed when it is necessary to di* 
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ycrt the flow of current from one point to another or to 
cut out a damaged section; or to isolate a section when 
from any cause it is desired to stop the How of current, 

as when a big firo or some serious trouble is taking 

place. 

In case of a small generator, say of It to horsepower, it 
is quite possible to open the main eiremt through a well 
constructed circuit breaker, of which there are now many 
standard types, without ntueh of an electrical display be¬ 
yond a few sparks. In the ease of n circuit breaker (*acry¬ 
ing the enormous current produced by such gem Tutors as 
herein referred to, the difficulty is increased u% such an 
extent that no ordinary apparatus could be used, for 
on attempting* to open a circuit through the best circuit 
breaker in ordinary use, such an etiormou* llume (are) 
would he developed that the switch apparatus would ho 
instantly melted, ami if there were any woodwork in the 
vicinity it would be set on fire. Furthermore, the man 
who started that kind of trouble would hr fortunate in¬ 
deed were he to escape with his lift*, for an electric burn 
is just as bad ah any other burn, and worse hi that a 
would be received swiftly ami suddenly, ami is much 
more likely to prove fatal limit any oleetnr shock, lint 
bum would be the same as from tiny other equivalent 
flame, hut, coming so quickly its it would 010110 ' the t <ir» 
oil instances suggested, there would W no esenpe for any 
one within reach. An aeeidenl of this sort, only on 11 
mmdi smaller scale, occurred in London a few years ago, 
when an inexperienced employee undertook to open a high 
tension circuit carrying a heavy current The resultant 
flam© (arc) was so terrifying that he run fur Ins lifct, leav¬ 
ing the apparatus to take mm of itself. 
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The big circuit "breakers provided for the Metropolitan 
system arii not only specially contrived, "but they are in¬ 
closed in tanks of oil, which, being a very good insulating 
material, interposes itself immediately that the parts are 
scparaftul and prevents tho establishment of an arc and so 
renders it possible to open the circuit without danger. 

In the case of a system of electric railways so exten¬ 
sive and so complex as that of tho Metropolitan system 
in New York (hty, it becomes necessary to supply the cur¬ 
rent to the exposed conductors in tho conduit at a great 
many points. Tho exposed conductors aro tlio metal bars 
from which the travelling contacts carried by the cars 
gather current to supply the motors as tho cars pass along. 
Connection is made with these conductors at many points 
in order to equalize the potential or pressure, so that all 
the ears may be run at tho same speed, and also that 
then- will he plenty of conductors to carry forward the ex¬ 
cess of eurrrut to any particular point to supply the exces¬ 
sive demand that would arise in case a number of cars 
should become hiitii'hrtl x that is, grouped close together, in 
turn locality. There is another reason also for supplying 
current to the metal bars in the conduit, at numerous points, 
and that is, that in case of a persistent short circuit at any 
point causing great loss of current there, or in case of an 
accident to a ear whereby the track or conductors in the 
conduit are damaged, or in casts of a lire or obstruction, 
a short piece of the system, including the break, may 
be cut out, all other portions of the system continuing to be 
supplied as usual, and the stoppage, if any, thereby local¬ 
ized, and the delay or inconvenience reduced to the mini¬ 
mum. The electric motors, generators, switches, etc., for 
this, the largest system now in actual operation, were de- 
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signed, constructed, and put in operation by the General 
Electric Company. 

The Manhattan Elevated Hallway lines of New York 

City are now being equipped for electrical operation, on 
the third rail system, the apparatus being supplied by the 
Wcstinghouse Electric Company. The equipment of a sys¬ 
tem of tins magnitude—there being three separate lines ex¬ 
tending the entire length of Manhattan Island naturally 
takes considerable time and much work has to be done be¬ 
fore anything appears that the public can appreciate. For 
instance, steam engines have to he constructed oven larger 
than any which have preceded them. Generators have to 
he made which will secure the very best results m t«» stead¬ 
iness of operation, reliability and economy under the con¬ 
ditions to he met; them, a power house bus to he built to 
receive these huge machines, with extra strong separate 
foundations for each engine set, ami a complete provision 
for the receiving, handling, and distribution of enormous 
quantities of fuel and the removal of waste products, 
When it is remembered that this power house must sup¬ 
ply current which will develop power in motors miles 
away, to the equivalent of several hundred steam toenmo* 
tives, the magnitude of the undertaking will \m appreci¬ 
ated. The steam engines used in the Manhattan power 
house, of which there will bit several, will each, it in said, 
develop 15,000 horsepower, with full steam iidmimott* 
They will he of the compound type, with the generator 
between them, the piston-rods connecting with crunk a upon 
the opposite ends of the generator shafts. Them* genera* 
tors will also Ihi so designed that the full maximum cur¬ 
rent will l>o produced with a rotation of the guiiemtor- 
shafts of only seventy-five turns per minute* 



ELECTRIC RAILWAYS 


328 


The power house now building is located upon the 
Harlem River and will be provided with several known 
and some unknown appliances for the protection of life, 
and for the safety of the apparatus, and with machines of 
such magnitude this is no small matter, yet it is abso¬ 
lutely necessary to provide efficient safeguards in every 
direction, and to meet every imaginable emergency. The 
systems of cables by which the currents will bo carried 
from the power house to the different lines of railway and 
to different portions of the lines, will conform to the very 
latest modern practice in the matter of high insulation and 
careful design as to size and weight of conductors. The 
current as originally generated will bo at a moderately 
high tension, which will be reduced by convertors at spe¬ 
cial stations in the different parts of the city, and it is un¬ 
derstood that in addition to propelling the trains forth® 
transportation of passengers, tlm company will use its own 
current for lighting nil stations and signals, and for oper¬ 
ating eh-Mitors at those of the stations to which it may be 
decided to lift the passengers from street to platform. It 
is also understood that there will be a motor car at each 
end of each train during the rush hours, when the line is 
worked to its full capacity, so that the trains may be re¬ 
versed ami sent back over the road with the least possi¬ 
ble delay and without re-making the trains, which, with 
an elevated eoustruetioti, is a consideration of the utmost 
importance. It is also fair to suppose that the company 
wilt produce just a little more current than is actually 
needed, in ease some one conveniently located to the route 
should insist on being supplied therewith—for a con¬ 
sideration. 

The requirements of high insulation, according to mod- 
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era practice, arc now so well known that whatever differ¬ 
ence there may be between the particular features of the 
construction of the switches, cut-outs, rotary convertors, 
etc., in tho Manhattan Railway equipment will be only 
differences of detail over that just referred to in connec¬ 
tion with the Metropolitan Kailway of New York City. 


S P H B D 

Muon has been said concerning the speed at which 
electric railway trains, cars, or vehicles can be propelled, 
and this subject is one of great interest, partly because 
with increased use of tho telegraph and the telephone, nat¬ 
urally comes a demand for increased rapidity of personal 
communication. As the business portions of our cities be- 
come more occupied by inercantde establishments, the pop¬ 
ulation is forced further and further to the suburbs, ami 
tho question of rapid transportation from homo to business 
is of tho utmost importance to all city workers. 

Rapid transit is a relative term both as to distance ami 
in connection with the numbers to be transported. Time 
was when the horse ear was rapid transit, yet to day, 
with the trolley ear running at four times the speed, it is 
counted too slow, and that only because of the greater dis¬ 
tances at which people expect to live from the actum of 
their daily occupation. There is now little doubt that the 
rate of speed at which surface oars oan bo safely operated 
in cities has been attained, if not exceeded. Wo hear 
every now and then that a new line is to be constructed 
between some two large cities, on which the rate of travel 
is to be one hundred miles an hour by electric motor, and 
the public seems to have acquired the conviction that the 
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transportation exports aro looking for a machine that is 
capable of attaining this speed, entirely ignoring the ques¬ 
tion of track construction, grades to he overcome, curves 
to bo traversed and the like. In othor words, the pub¬ 
lic assumes that tho prime motor is the only thing to he 
considered. 

Tho electric motor, whether in the form of a locomotive 
at tho head of tho train or a number of separate motors 
distributed under tho different cars composing the train, 
has an advantage over the steam locomotive because the 
moving part, the armature, of the electric motor has a ro¬ 
tary motion which is communicated directly to tho wheels 
to be driven. As long as current is furnished, the arma¬ 
ture tends to drive the wheels continuously in the same 
direction. There is no difference in tho direction of the 
force supplied, ho long as the current is on. Now, with 
tho locomotive, good as it undoubtedly is, the movement 
is communicated to tho driving wheels from pistons which 
move back and forth in their cylinders, one on each side 
of tho engine, and in reality the pull of the locomotive is 
first on one side and then on the other, and when the lo¬ 
comotive is pulling a train, tho tip of tho cowcatcher can 
be scon to have a short, quick, zigzag motion across the 
track. This is milled noting, because it resembles the mo¬ 
tion of an animal, particularly a hog, hunting for some¬ 
thing on the ground by means of its sense of smell. 
When it is considered that the pistons of the locomotive 
reciprocate sometimes as rapidly as 4(X) times per minute, 
ami that with these reciprocations the piston must come to 
a dead stop before starting in the opposite direction, the 
rack and strain upon all parts of the machine will be ap¬ 
parent. Locomotives have run at the rate of more than 
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100 miles an hour for short distances* and with the knowl¬ 
edge now available they could be built to exceed even that 
speed, but the risks of running a train at the rate of 100 
miles an hour, for an hour, would bo altogether too great 
for regular travel under existing conditions. This speed 
has been attained on special occasions, but only upon short 
selected portions of the bast railways, as they are nt pres¬ 
ent constructed—that is, with tracks practically on the sur¬ 
face, and the cars and engines having singledlanged wheels, 
the principal difference over surface city tracks being that 
the regular steam roads have easier grades and curves. 

The electric! motor is undoubtedly better fitted for the 
attainment of high speed than the steam locomotive, 1**. 
cause of the entire absence of reciprocating parts ami the 
consequent wear and tear upon the machine; but this ad¬ 
vantage of construction would not make it safe to operate 
a train electrically at the rate of 100 mi lea tin hour, exeept 
upon an ideal track such as does not now e \mt. Tim first 
requirement of this track would be Urn! it be miuight, and 
the next that it lie constructed in the moot sold and sub¬ 
stantial manner possible, On such n road grades would 
be of less importance than curves, Wnuse with imthen nt 
power grades could be climbed lit full speed, but the t* n 
deucy of a train to run off the track mi a curve b* always 
present. Moreover, at very high speeds* it would bo of 
vital importance that the engineer should be nb l«t fo >4ee 
the signals far owmgh uln-ad n* I to ahlo t<» biuj, v. So it i»*'. 
oiwary without tearing tlu> train t«* jm-oo}. in <*\»>«v.»toing iIh 
momentum, for tho roault of ovoti a aniall invnl*-nt at mo lt 
high apeod could not hut 1hi dilatation*. 

It ha* frequently tteen projtoacd to fonutruct n high- 
speed paaaengcr railway of a now form, in winch a mngSw 



NEW YORK AND CHICAGO ELECTRIC RAILWAY 327 

rail is carried upon continuous trestle -work at a sufficient 
height above the ground—some fourteen feet or more— 
and upon which specially constructed cars would run, the 
cars straddling the track. It is claimed that in this way 
derailment would be prevented and any desired speed 
could he attained without danger, since the track would 
bo entirely free from crossings or interference of any kind, 
and with cars of narrow construction, so as to afford the 
smallost wind resistance, that great speed could be attained 
and maintained with safety. 

There is no doubt that higher speeds will be attained 
in the future, but I am of the opinion that it will be 
in connection with some special form of track, and be 
largely limited to the carrying of passengers, mail, and 
the high class of express matter. It remains to be seen 
whether such a railway will be sufficiently patronized, at 
higher prices than those now paid, to warrant its construc¬ 
tion; bceauso it must be remembered that the existing ad¬ 
vantages of through cars to distant points, connections 
from one railway to another, the transfer of baggage, etc., 
in bulk, would all be lost until such systems were uni¬ 
versally adopted. 


NEW YORK AND CHICAGO ELECTRIC RAILWAY 

Tiikiik is at the present timo in existence a company 
organized for the purpose of constructing an air-line rail¬ 
way from Now York to Chicago. This road is to have 
an elevated and specially designed track just high enough 
above the ground to permit surfaoe traffic to pass under it. 
This would ordinarily keep the line free from snow block- 
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ados, and of course it would be raised higher w lie re neces¬ 
sary, in order to pans over depressions, valleys, rivers, and 
the like, at a sufficiently easy grade. The ears are also to 
bo of special design—as small and light m possible con¬ 
sistent with necessary strength. The trains are to be short 
and run at frequent intervals at a steady speed of 1(H) 
miles per hour. This would reduce the time from New 
York to Chicago to nine hours instead of the twenty Tour 
now required by the fastest train running between the 
two cities. This company has been in exiMenee about 
throe years, during which time the plans of construction 
have been worked out to the minutest detail, ami it is 
said that the money necessary for the construction will 
be forthcoming in a short time. 

It is estimated that it will take only two \ears to build 
the road, allowing another year for the perfection of de¬ 
tails of operation. It is intended to extend this form of 
railway all over the country, hut the public will await 
with the greatest interest the completion of the first sec¬ 
tion of track. It is intended to carry freight of all lands 
as well as passengers, although very naturally preference 
will he given to express matter and perishable goods up 
to the full limit of capacity. One feature of such a rail¬ 
way as this is that the two through tracks intended for 
the highest speed could not carry local business and trains 
running short distances under any circumstances. All the 
trains would be exprtss trains, making only four stops 
between New York and Chicago. 

Upon reflection it will be apparent that trains running 
at such a terrific speed must be protected in the fullest 
possible manner by block signals and every safety device 
known to the railway art in order to prevent rear-end cob 
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lisions, and that no trains must be allowed upon the track 
under any circumstances which could by any possibility 
got in the way of a flyer. With arrangements of this sort 
in a perfect state of operation, light, swift trains could be 
run every thirty minutes, but, of course, in order to main¬ 
tain such a schedule, they would all have to run at the 
same rate of speed. Consequently, freight, passenger and 
mail trains would have to be made up so as to be substan¬ 
tially alike both in form and in weight, and this would 
very greatly simplify the operation of tho entire system. 

As steam railroads are at present operated, trains are 
run at all sorts of different speeds, and an express train, 
on a long line, has to dodge in and out between slow local 
trains, hh well ns freight trains, so that all trains are 
under the constant surveillance of the train dospatehor, 
who must know where they all are and keep himself in¬ 
formed of their movements. With thtH high speed, how¬ 
ever, all trains would have to move at the same rate and 
would he alike to him, and it would ho merely a question 
of keeping them a proper distance apart to avoid danger 
of rear-end collisions. This, under such circumstances, 
would ho so simplified that tut absolute block system, 
which deprived a following train of current to propel it 
when entering a fresh section until the train in advance 
had left the section, would effectually prevent this danger. 
Of course it follows that with such a railway local trains 
would have to be provided with separate local tracks upon 
which a much lower speed would be maintained, but when 
one is travelling from ten to fifty miles only, a come 
down from one hundred miles an hour to, say, fifty, would, 
oven at that, transport the short-ride passengers at speeds 
far beyond anything ordinarily attainable at the present time. 
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EVOLUTION OF THE MODERN DYNAMO-HUiCTKIC 
GENERATOR 

In Till early days dynamo-electric generators, supply¬ 
ing current for the largest stations, were in tin* form of 
small machines, of which a number, sometimes ns many m 
a hundred, were employed in a single power house. These 
machines were driven at very high speed in order to pro¬ 
duce the desired results, ami this speed was attained, m 
in any ordinary mechanical arrangement, by connecting 
the fly-wheel of one large engine to suitable shafting carry¬ 
ing pulleys, and connecting the armature shafts of the 
dynamo to the pulleys on the driving-shaft. In that way 
the slow-running, old-fashioned engine could he made to 
drive the generators ni the desired velocity. This plan, 
however, was subject to the very great disadvantage, that 
the driving of the pulleys, hells ami shafting necessary to 
secure these results absorbed a very large percentage of 
the power of the engine, and hells will slip, pulleys get 
loose, shaft hearings become hot, ami all require constant 
attention. It was next sought to accomplish the same re¬ 
sults, but in a more economical manner, by constructing 
engines whie.h in themselves were capable of running at 
an exceedingly high speed, and connecting them direct, by 
belts from their fly-wheels, to the pulleys on the armature 
shafts of the dynamo, thus eliminating the shafting and 
eountcir-fihalting and in many instances el niches, which 
were necessary when it was desired to disconnect one or 
more of the generators during different parts of the day. 
This plan also had its disadvantages, and it Iwgnti to \m 
generally appreciated that the mjtfitsd with which eleetriis 
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generators wort* mil nmnt he lowered, in order that tlio 
mechanical strain should be diminished and greater econ¬ 
omy and certainty of operation result. With the devel¬ 
opment Of tin* tdertrie, railway came larger demands for 
electric. power than had even* before been known, and tho 
Arne of the generators then began to grow, bo that now, 
instead of providing ten to* twelve generators, that ten years 
ago would have been considered largo ones, to supply the 
current for u system, big machines are constructed, oa<;h 
erne of whieh in connected directly to the most economical 
type of steam engine that lias yet, been produced. This is 
the vertical, in\cried, multiple*ey Under compound engine, 
the dymumeelertne generator being in the centre In*,tween 
the main supports of the engine. Above and on each side 
of the generator are cylinders of the engine, the. piston- 
rods of whieh are connected directly one to each end of 
the armature shaft of the generator, so that said armature, 
or it may be u revolving held-magnet instead, operates as 
tln % flv wheel of iln f steam engine ami the moving part of 
the generator. All forms of belting, shafting nr gearing 

are entirely eliminated, ami hy eeittnt.lt/4fig many machines 
into one, that one ean he made of mielt a size that a slow 
rotation of its enormous armature will give the mum 
peripheral speed, and the saint* generating elf eel, ns the 
high velocity with which it was necessary to rotate the 
bttle ftr i#i iil?i# t. t in the early days to produce the sumo 
resit Its. 

The earl v machines used in be operated at spends 
of from t.mtii in <{,t*oo rr\ obit tons of the armature per 
minute, whieh win* obtainable, but only at constant risk 
of breakdown. The rimrmmec direct driven, engine*typo 
tlytiiitiid'cleelfin general* *rs of the present dny arts, many 
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o£ them, operated at a speed of rotation of only seventy- 
live revolutions jam minute* The difference in very sug¬ 
gestive of the advances that have been made both in 

comprehension and construction. 


ALTBKNATINCi-CUKRHNT GiiNbRATORS 

Tiikhk generators were the first ones to ho regularly 
employed in the earlier days of the electrical art, and it 
is true that as early as IKIIO a magneto-tdrctrie generator 
was employed to operate an am light lit a lighthouse on 
the French coast. There alternating current generators 
were made, hut although they worn simple enough* the 
utilisation of the currents gave the tdretrtettiti ho much 
trouble that upon the appearance of the timiium* machine 
-—which was the first commercially practical continuous* 
current generator-4he &lUirnatirig>currtmt generators were 
condemned and banished to the scrap heap, because the 
pioneer (embryo) electricians had altogether too inmdi on 
thair minds, Just us soon us unlimited supplies *»f con¬ 
tinuous currant became available at u possible rmt, they 
succeeded in producing contimmus*mirnmt automatic arc 
lamps, which made a good showing and brought the 
matter favorably to the notice of the public. Continuous* 
current generators, am lamps unci motom seem to i»e cov¬ 
ered by such simple laws, that for some ten years up par* 
ently no notice was taken of the alternating current system. 
True, the commutator, by which the electric current win* 
straightened, was costly to construct and to keep hi order, 
but it was easier to do this than to cope with tint inrtit* 
physics of the alternating current Bo it came about that 
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for many years the alternating current was regarded as 
a dangerous and impracticable form, and, so long as the 
continuous current met all requirements, it controlled the 
field. The original alternating-current generators were en¬ 
tirely supplanted by the continuous-current generators of 
Gramme, Siemens, Brush, Thompson, Edison and others. 
These conditions prevailed for a number of years, as long, 
in fact, as the use of electricity was practically confined to 
systems of lighting in which the current would be gener¬ 
ated in a central station, located as near as possible to the 
centre of the system of distribution, and sent out in differ¬ 
ent directions for a few miles. 

It is true that some of the forms of continuous-current 
generator constructed for this purpose have been able, 
through their special commutator provisions, to attain a 
high enough voltage to force a small current over a circuit 
many inilos in length. These machines are, however, 
neither economical, durablo, nor safe for any purpose ex¬ 
cept the spocial one for which they were constructed, 
namely, that of operating arc lamps, and the limitation 
of the pressure at which curront can bo generated in a 
continuous-current dynamo is found in the commutator. 
While it may bo possible to generate continuous current, 
straighten it through a commutator, and deliver it twenty 
miles from the generator at a pressure of 5,000 volts, this 
would be exceedingly difficult; whereas with an alternating- 
current generator, which, as we have seen, has no commu¬ 
tator, merely collecting rings connected to the generating 
coils, a current of 6,000 volts can be readily undertaken, 
and by means of a static transformer it can be stepped up 
to 20,000 volte, and has been so raised to 50,000 volte, 
when it oan be sent one hundred miles and more without 
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material loss. It may m well be confessed here that a 
pressure of 60,000 volte is more limit any one would at 
present care to bo intimately annuo in tod with, there being 
a new not of troubles to consider mid now problem# to 
solve whan such high pressures nro attained. 

The situation to-day, therefore, is, that fur nil long¬ 
distance high-pressure work, the alternating current gen- 
era tor is the only one to he considered ; and this ma¬ 
chine is now so thoroughly understood, both as to the 
laws of its construction and the method of its operation, 
that the largest installation enti hi 1 undertaken with entire 
safety and with a correct anticipation of the results to 
follow. 

Renewal of interest in the entire subject of alternating 
currents, their generation, distribution and uttibuiiion, im¬ 
mediately followed th«' discovery by Messrs, Unubird is 
Gibbs of London, about IBK1I, that the induction coil was 
reversible. The induction coil is often referred to ?t» the 
BuhmkorfT coil This apparatus has been, and te t much 
used, m it affords the means of obtaining large electric 
sparks from the discharge of electric currents «»f enor¬ 
mously high pressure between separated terminate, tins 
original source of current being nn ordinary galvanic 
buttery. The apparatus comprises a subdivided iron core, 
usually a bundle of wires. Upon this core is wound a coil 
of thick wire. The termimils of this wire are connected 
to the opposite poles of n galvanic lmttery cHintaiuing any 
desired number of cells, and an interrupter is placed in 
the circuit, which interrupter tuny \m operated by hand or 
be automatic. Over this first or primary coil is then 
wound a much longer coil of small wire, the terminate of 
which can be brought to adjustable polished spheres for 
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the purpose of producing sparks by discharges between 
them, or connected to any circuit which it is desired to 
supply with alternating currents of high tension. Every 
time a current flows in the primary circuit, a current will 
he induced in the secondary which is over it, and when 
the current stops in the primary, another current will be 
induced in the secondary. Consequently, when the bat¬ 
tery circuit, is closed and the automatic interrupter is in 
operation—and its operation may be inconceivably rapid— 
the makes and breaks in the primary circuit will be so 
fast as to produce an exceedingly rapid succession of alter¬ 
nating currents of far higher tension in the secondary. 

(laniard & Gibbs published the fact that by connect¬ 
ing the terminals of an alternating-current dynamo to the 
primary circuit, it would act to produce currents in the 
secondary just as though the battery and automatic inter¬ 
rupter were used. This enabled them to produce continu¬ 
ously the high-tension alternating current from a low- 
tension alternating dynamo. They also discovered, and 
math' public, the fact, that when the current of a high- 
tension alternating-current generator was sent through 
tho secondary or high-tonHion coil, it would react upon 
the primary, just as the primary had previously reacted 
upon tho secondary, with tho very important difference, 
however, that, by this reversal, the alternating current, 
coming from what was previously tho primary of the in¬ 
duction coil, was reduced in potential, while increased 
in quantity, in exact proportion to tho difference between 
the windings. They also utilize this discovery by applying 
the reduced high-tension current so produced to a system 
of incandescent lighting having high-tension distribution 

with local reduction for consumption circuits, as it had 
SonsNUK—Vot, XII1—15 
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been found out that the incandescent lamp, although made 
for uho in continuous-current circuits, would operate equally 
well with alternating current, provided, of course, that the 
alternations were ho rapid an not to be perceptible to 
tho eye. 

Immediately after thorns faetH became generally known, 
investigation and experiment began, and, starting with 
knowledge gained from ten yearn' actual, practical and far- 
searching experience with continuous-current apparatus of 
all kindH, it waH not long before alternating current ays- 
toms of electric lighting were developed aiul largely intro* 
duoed, continuing to be, over since, not only a eompetitor 
of tho continuous-current systems, but proving to be much 
more economical where the territory to be covered is 
extensive. 

With tho advent of the electric railway ami the de¬ 
mands for vast volumes of current, came the natural con¬ 
sideration of tho utilisation of waterfalls at long distances 
from tho work to he performed. Obviously, it would not 
be practical from tho standpoint of commercial economy 
to carry tho current over such distances at the pressure 
which has boon adopted for use on nil electric railways, 
namely, 500 volts. Very soon it was found that alternating- 
current generators could ho constructed which would de¬ 
liver current at a pressure of many thousand volts without 
committing suicide, and that such generators could lie 
employed to convert the power of the waterfalls into elec¬ 
tricity which could then be economically conveyed to the 
vioinity of use. Thus it came about that electricians re¬ 
turned to the original form of mechanically produced cur¬ 
rent, but with all the experience of tho intervening years, 
ao that it is now really only necessary to understand the 
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physical conditions, when the electrical engineer is pre¬ 
pared to meet the demand, whatever it may be. 


ALTERNATING-CURRENT MOTORS 

Tiiksk motors arc especially adapted for use in circuits 
carrying single phase or polyphase currents, and the refine¬ 
ments of construction have gone so far that motors are 
especially adapted not only to circuits supplied with alter¬ 
nating currents of different character, but to be operated 
at their best with currents of stated frequency. So far has 
development extended, that a motor, constructed to operate 
upon a circuit supplied with currents which alternate at 
the rate of twenty-live cycles per second, works at its best 
with such current, while the motor designed for a circuit 
in which the frequency of alternation is sixty cycles per 
second will operate at its most efficient rate when supplied 
with such current rather than with a current having a 
greater or less frequency of alternation. This is mentioned 
merely to indicate tho degree of advancement in this 
branch of the art, which at the present time is far beyond 
the comprehension of any except those who make it a 
Hpeoial study. Although, as hereinbefore mentioned, and 
as referred to in Chapter VIII., tho earliest of the electrio 
generating machines woro of the alternating-current type, 
the gentleman who produced them would not have known 
what to do with the alternating-current motors of the 
present day, so utterly different are they from anything 
oven dreamed of in those early times. 

Tho development of the modern alternating-current 
system of transmission of power, including the large, 
high-tension generators, naturally led to great improve- 
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ments in mean* for mining the potential of the current 
when that wan necessary in order to enable it to traverse 
extraordinary distances with only trilling loss, they being 
called step-up transformers, and in reducing the current at 
the receiving end by means of step-down transformers. 

With tluM apparatus, however, whether step up or step, 
down, the current retained its original characteristics, and, 
whatever its tension, was a!ill an alternating runvnt, hav¬ 
ing the Bame number of alternationB per second an when it 
started from the generator. 

During the supremacy of the continuous current, whieh 
may roughly he placed ns including the period between 
the years 1879 and 1894, large numbers of continuous- 
current motors had been manufactured and put info ser¬ 
vice, ako the electric motor had been applied fo the pm* 
pulsion of pasmmgeimmrrying vehicles, and the eteefrieal 
railway had come into existence ns n practical thing. It 
therefore became necessary to consider the conversion of 
alternating currents into continuous currents mi a eoimner* 
cial scale. Furthermore, tlm scries wound, continuous- 
current motor remains to-day the most dcsir»l»to machine 
for converting electrical energy into merlmnieul power 
upon a travelling vehicle, so that the conversion of largo 
volumes of alternating currant into continuous current to 
supply electric railway lines, reeeivrd early muidderution, 
and this resulted in the production of the modern rotary 
transformer, the two types of transformer being known 
respectively m the static, which we have already con¬ 
sidered as the analogy of the Huhmkorlf coil, and the 
rotary, now to be mentioned. 

The modern rotary transformer is a most remarkable 
machine in every respect It resembles a dynamo-electric 
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generator in having an armature and a field magnet, lbut 
differs therefrom in having an alternating-current generator, 
or motor rings, connected on one side to its armature coils, 
and a regular continuous-current generator, sectional, com¬ 
mutator connected on the other. This extraordinary ma¬ 
chine is supplied with alternating current at double the 
tension of the continuous current that is required. Under 
the influence of this current the armature rotates, con¬ 
suming a small proportion thereof, while the rest is 
straightened upon the commutator, its pressure cut down 
one-half, and delivered to the line as continuous current, 
the loss being only the small amount of current required 
to rotate the armature of the machine, plus the friction of 
the bearings. This would seem to be the absolute limit 
of economy, for in point of fact one single armature wind¬ 
ing is made to perform two separate functions, more 
economically, and fully as well, as though two separate 
machines were employed to do the same work as had pre¬ 
viously been done. As already stated, only a few years 
ago a rotary convertor, or motor generator, comprised an 
alternating-current motor armature, and a continuous- 
current generator armature, both upon the same shaft. 
The alternating supply current was led to the alternating 
motor armature which it drove, being entirely consumed 
in so doing. At the same time rotation of the generating 
armature generated a new continuous current which was 
sent to the line. As we have seen, the rotary convertor 
of the present day comprises only one winding, which is 
driven by a fraction of the alternating-current supply, the 
remainder finding its way therethrough and out through 
the commutator in the form of continuous current ready 
for use. 
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While this work relates primarily to 11 it* eoimeetion 
between electricity and modern life, it would In* incom¬ 
plete without u panning reference to tin* steam n»gim\ and 
to the water-wheel, to the extent of Mai in?*' that the 
dynamo-electric generator turn done more f«*r the steam 
engine and the water wheel than any other u**mtey what* 
ever. This may seem paradoxical* hut it e> a fuel that, 
until the advent of the steam driven ebm ne generator, 
there whh no demand for that rinse automatte regulation 
of the steam engine whieh m*w exists. Mae \ of the early 
failures in eleetrie lighting plants which \o-sv eharged up 
to the eleetrieal apparatus were absolute! \ and wholly dm* 
to the prime motor, the steam engine, There is m > donht 
that eleetrie generators lia\e greatly impnn ed also in the 
meantime; hut the simplest dynamo electric greoruo*r of 
the early days, of either type, Ihioeiumfo or Uranium, was 
infinitely superior to amt iiunv eihrmiit than the bent 
steam engine of that time; ami ns to w nter wherb, for 
many years after the introduction of ilm d\uanueeleetrin 
generator and the consequent enormous burnt of develop¬ 
ment in the eleetrie art, they remained such an uncertain 
quantity, and their memns of regulation to meet flurtimtmnM 
of bad on the getttiritior were so erttde iitid inn*l»o that 
they were very little used. For n long fttoe water wheels 
were thorn fore not eousidered available as prime motors. 
Since then, however! mochtutiuiti engineer* have given 
inucdi attention to the question of their regulation n 11 « 1 
control, so that the various types of water*wheel of In day 
afford a vary practical mid uxurnnhugly valuable pritmi 
motor for electric generator 
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ELECTRIC LIGHTING 

Tuk automatic, electric, are lump has now been in public 
use for twenty yearn. Thin lamp apparently reached a state 
of perfect development ten yearn ago, an a nteady, reliable 
and most, powerful illuminant for outside use and for the 
economical lighting of large interior spaces. Arc lamps 
were always eonneeted in series no that the current panned 
through them all in succession, each lamp e.onnuming that 
portion for which it wan adjusted. Arc lamps do not use 
a very large volume of current, hut the resistance of the 
are is considerable, so that with forty or fifty of them 
eonneeted in senes in a eiretiit. ineluding several miles of 
wire, the voltage, or pressure, of the current necessary 
to traverse tie* entire circuit is decidedly high. These 
lamps were eaeh supplied with a pair of carbons, usually 
protected l*y a large open globe, the arc being freely ex¬ 
posed to tin* atmosphere. The carbons ns ordinarily used 
would burn sixteen hours, and eonscipumtly they bad 
to be renewed, and the lamps trimmed, as the term is, 
every da\. 

For sev-wal years it was expected that great improve¬ 
ments would he made in the construction of incandescent 
lamps, and that large si r.es of that type of lamp would come 
into general u »e indoors. Large incandescent lamps have 
been on tin* mari. et. for many years and they are made to- 
,l u v- of loti candle power or more, but they have not be¬ 
come popular, partly because of their cost, coupled with 
the fact that a damaged ineaudeseetil lamp, Uu the injury 
ever so slight, is altogether useless. 

It is only » few years ago that the alternating current 
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began to In* again applied generally to «deotne lighting; 
previous to that ittmg for many years, all ejeetnr light- 

mg I util l hh* 11 arrojti plifdied by emit m io*um ruiTrnln, 'Pho 
vary early experiments, prior t*» hud all Wrii with 

alternating cunvnts, which, being htt.e understood, had 
not given good results, and wmv abandoned altogether for 
a number of years in favor of the r* no in noun eurrent, uh 
produced by the machines of fimmim’, 1 botnjmug brush, 
Edison and others. 

Some seven years ago a type of art* lump w,m introduced 
by tiu* WoHtiiiglmuar t kuupunv ex pres h for use in con* 
iteetion with their alternating-current m •• cmt of eleotria 
lighting. This lump had wide, tlutiened eurUms which 
were comm tiled by the arc lra\ idling hneUwurd und for¬ 
ward across their mljnernt ends, Them lamp* would burn 
two nig!iin or more without rrfrtitutttng, but they were imt 
equal in performance to the host emit mumm » urr* nt afu 
lumps then in existence and therefore Iimr pot nurvi\ed» 
Doubtless such improvements euuld und vu* u4 ha** o brrii 
made m to render their sen me equal to tli.it of o?l*rr urn 
lamps, except that the shiftiug of the me m travel Hug 
across the tmdn of the carbons would a! w,i\ « enow* a in ova- 
ment of the light that would \m ahjccttMtiuldc mid timi\«ud- 
able. About five yearn ago, howmer, an tmp!<»\<*mciil wiw 
applied to the are lamp generally, winch w of »ueh impor¬ 
tance both to the staolriciuti and to the public ns lo *h*srrvo 
special mention. Tim op«m arc lamp just referred to is 
mentioned in Chapter XV,, amt illustrated in «mo form in 
Fig. 87. Thu great step from tlint lamp to the timi mnl 
graceful device that emit mm 1m nwn alimi-it everywhere! 
marks an enormous improvement, Tim automatic mg a* 
ktiiig mmhmtem i§ contained m the uppr metal be p«»r- 
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tion, from which depends a large, flaring reflector, tinder 
which is seen a narrow, elongated globe secured at its base 
to the bottom of the frame, in which base the lower carbon 
is also secured. The upper part of this globe has a cover 
through which the upper carbon descends, the arc being 
formed within tho globe, which, small though it is, has 
proved its capacity to resist and last indefinitely under the 
enormous heat generated in the arc within it. The globe 
excludes most of the air and these lamps are known as 
“inclosed ares.” 

The extraordinary result of this apparently simple 
change—that of inclosing the arc in a practically air¬ 
tight globe—is that the life of the carbons is increased 
ton times, and oven more; so that instead of arc lamps 
being trimmed every day, as with tho old style open arcs, 
the inclosed arc will burn for as much as two hundred 
hours without trimming. This means that small and very 
economical arc lamps can bo, and now are, made, which 
are well suited for use in moderate sized halls and inte¬ 
riors, and which, when trimmed, are hauled up into their 
positions where thoy do not require any further attentiou 
for two or three weeks according to the amount of use. 
This also reduces the cost of carbon and makes it prac¬ 
ticable to use a higher grade which undoubtedly gives a 
better light. Moreover, tho light from an inclosed arc 
lamp appears to be steadier and is undoubtedly much 
softer than that of the ordinary open arc; the heavy black 
shadows from the frame disappear, and the hissing and 
humming are dono away with. Theso lamps are now made 
in tho regular largo sizes, and also in medium and very 
small sizes for interior use. Their length has been greatly 
reduced, and with the ornamentation that is now being ap- 
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plied to them the objections ho long apparent with the 
regular are lamps have almost entirely disappeared., 


ARTIFICIAL DAYLIGHT 

A NEW system of interior lighting which promises a 
great advance toward the ideal liti§ been devbml mul 
brought to a state of practical public dtumuiMmlum by 
Dr, 1), Me Fur lull Moore of Newark, New Jersey, Tho 
incandescent electric lump ho largely in use in n,,w a fa. 
miliar object., ami it in generally understood Unit tin* light 
given thereby in usually of a distinctly \ idlowisli east. 
Tito general public in also fumiliar with tin' an- hung, ami 
known that its light in of a duz/.lmg while, running to a 
stool Muts in many instances, nml that this is cMTcdmglyr 
trying to the eyes. Moat people have iicen neeustoimd to 
oil lumps ami gas, wliieh long ago attained their highest 
ilegreo of perfection, ami upon the nppcaniuee of the mod. 
ern aro ami incandescent lamps it was generally tiiuught 
that tho art of illumination hud reached its limit. 

Mr. Moore, however, comes to the front with » further 
development in that art, otTermg to supply a light which 
lie calls artificial daylight, and wliieh is produced w tho 
interior of long glass tithes which are to 1m secured shout 
the cornices and corners of a room, around pillars in 
churches, upon tho ceilings, and, in fact, yvlurey.r tho 
best result* will ho produced. The light produced hy 
this system is perhaps best described m tho inventor's 
words as a beautiful milky glow which entirely tills the 
tubes, is pleasant to the eye, and didioms throughout the 
room a lieautiful white light. The principle of the uppn- 
ratus employed is not that of the Uentsler tube, which 
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at first sight it mm% iumrlj rtst'mhle*, bat mmhu of % 
vacuum vibrator, ttitolt tubo lining txluituttod and provided 
with ft terminal *u»d with » wire extending from one ter¬ 
minal to the other, hut rnpnhle of vibrating so m to mnko 
mnd br«mk the eirouit through the tube witli grunt rapidity. 
This prod neon tin* jnuoiiiiir light, .fust what will bo the 
outcome of tliis ittvotith*ti, m nimjiiiitmst with the earlier 
gysttstiw, w uf uiiiir^o a mutter for the future to determine, 
but the tight ns exhibited m iiumt iiitnit'LiYc, and 11 may 
IItit 1 n plane of its liltII HU nruonnt of its beauty of elmr* 
jwter, or ultimately deveb*j* tmeh advantages, eompured 
with tnrebnmea! dnuidvantages, tin to euiupr! its adaption 
in large now liniftlliifuoru fVrfmidy the possibility of 
filling ii room or bull with sirtttiru! «b*i light or nunuhmo 
entirely free from glare or mu, ,r m alluring, and if may 
be tluit Mr. intention limy y« l tend ti%vU to soino 

sort <»f i'O,!' i'ombuogum or iimditlmtlimi Moil wilt bring 
it into early proiniuotunn 


A11 f * *M« milks 

Title j»A»t two yenm have fKififi ii usifii wonderful growth 
ill the application of pSrsAnr’Ily to tlir* pf«s jfttiftt*Hi of |nok»r 
vehicle* in uiuoi*. Tlmno ni jirimiiiit mm m the foriti tif 
cubit, earring*** and delivery wagon*, nit of them ittitiig op* 
flute*t by utorngo halier n**, whndi are carried the 

vehicle* mi4 renewed at central .fiiiiiiofi# when nmwanary* 
Tht elm? trie motor vehicle t« no longer cither it toy nr 
m iixjinriifiPiil, but by tins effort a «#f nkiHcd electrical mi* 
ginttfty combined with the courage «»f n few daring tatpi* 
taUfttft, tii© lint I cal* alalum in K**w Vh, »du r existing 
ter a ymt or mow without attracting very iiiicti ultutftt* 
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tion, sprang suddenly into public notice and favor. Thig 
brought unlimited capital to the aid of enterprise, and 
from this comparatively small beginning m New York, 
the industry has grown until suieenmputnes for operating 
electric vehie.les have been organised in nil, or almost all 
of the large cities of this vottitfry. Tim ornmun of Hm 
sudden direction of public attention to thr usefulm and 
value of the electric cab wits a severe and protract! «l hmm* 
storm in the mouth of December, when \er\ few ve¬ 

hicles of any kind whatever could be operated, ami many 
stablemen refused to let their horses go out on aee* m nt of 
the weather. Electric cabs, however, came to the rescue 
and wen* operated day am! night ft* their i idlest ptostbln 
extent. This naturally titirueted att«niti**n, nnd, upon in. 
ventigation, the amount of work. performed by Home mbs 
under such trying eireumsianees whs foiiml |m ha\ r been 
prodigious, and they were thus brought nt onee into pub* 
IE* favor, with the result flint no amount of capital hm 
been aide up to the present time to supgN flu* demand 
for this type of vehicle. 

Notwithstanding the fact that a motor \rlu«dr lauded 
with storage batteries in far heavier Hum an ordinary \r|tb 
cle, and also somewhat heavier than llm competing system 
of gasolene and steam operated earringcs, the electric 
has an advantage ns n driving agent tlmt is tint pimn.mmtl 
by any other power. First of nil, it w n rotary nu*t»ir 
oonnooted directly to the wheels. It glum both no limit, 
no smell It is not dependent upon sparking device^ or 
fire to ho regtilated, or water to be supplied. If Haml* 
still without a sound, and is ready at nil tunes t«» tnmu 
forward or backward, fust or slow, according t«» the will 
of the driver. Then again its motion is absolutely n ready, 
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it lias no dead points, and so long as tlie current lasts it 
is an ideal mode of conveyance. The large pneumatic 
tires lined at the present time serve to absorb all jar and 
vibration, and make the vehicle comfortable to the pas¬ 
sengers. The objection to the storage battery vehicle has 
always been that good reliable batteries are very heavy, 
and therefore are. troublesome to remove for charging or 
to exchange for a charged sot, but these difficulties have 
bemi all eliminated by Mr. G. Herbert Condict, who de¬ 
vised a mechanical arrangement for withdrawing a tray or 
set of spent batteries from a motor vehicle, and replacing 
it with a similar tray of fully charged batteries. So per¬ 
fectly docs this apparatus work, that from the time a cab 
is run into the station and its spent battery removed, to 
the time it can leave with a now set, and fully prepared 
for another tour of duty, need occupy less than three 
minutes. No number of men could handle these heavy 
trays of batteries in double the time, and the charging 
and loading and general care of the vehicles having been 
reduced to an organized system with known factors of 
cost, and wear and tear, the electric transportation of pas¬ 
sengers in cities by calm of this type may be regarded as 
an established and assured success. Many private per¬ 
sons as well as physicians now rent these cabs for per¬ 
manent use, having them constantly at call within a few 
minutes by use of the telephone. And so begins the exclu¬ 
sion of horses from cities, which, it is prophesied, will in 
this country occur within twenty years. Architects also 
are beginning to take cognizance of the automobile, and 
to consider planning for a room in the lower part of the 
house to accommodate it Perhaps this is suggested by 
the bicycle, which to a greater or less extent seems to 
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cumber every hall in the country, and has to be, and is, 
definitely arranged and cared for in the construction of 
the larger office buildings in those parte of our large 
cities that are favorable for cycling. 

While it is true that the electric automobile is help¬ 
less without current, it is also true, although not generally 
known, that any kind of current mm be utilised in some 
way to charge the storage butteries by which it is pro¬ 
pelled. Ordinarily the direct current used for interior 
electric lighting is just right for a storage buttery, so 
that in nearly every city in this country the owner of 
such a carriage could charge it from conductors in his 
own house. 

Mr. Oomliot’s system provides automatic devices for 
indicating when the batteries are fully charged, and also 
for cutting oft the current; so that it is now possible for 
one to have his electric automobile in n room provided 
therefor in the basement, connections run from the electric 
light wires in the house for charging the sunns uinl after 
using the machine all day, to connect it to Urn charging 
circuit at night and leave it to Inke cure of itself. This is 
simple enough, and will undoubtedly lead to the use of a 
vastly increased number of private vehicles in cities where 
the horse, although a noble animal, is now recognised as u 
nuisance, both in his stable and mil of it, that must even¬ 
tually go to pastures green, where he will bo vastly better 
off, and the sanitary condition of tmr cities correspond’ 
ingly improved. It is the homes* shoes that cut fisin 
pavements, and there is no remedy for tins except course 
pavements. Wheel tires can lie made wider, but horses* 
hoofs cannot, and the dirt itrnl litter due to them is the 
direct cause of the clout Is of dust with which we are 
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afflicted. To eliminate all of these things will take time, 
hut events move rapidly in this country, as can be seen 
from the enormous growth of the electric railway in the 
last ten years. Storage batteries can only be charged by 
the passage, through, or rather into, them of a continuous 
current of the proper potential or force; but, as said, any 
kind of current can in some way be utilized for this pur* 
pose. A Now Yorker, owning an electric automobile, de¬ 
sired to iiavo it with him on his summer vacation in a 
village which is lighted by incandescent lamps using al¬ 
ternating current. He rented a stable and procured two 
pieces of apparatus which he arranged as transforming and 
charging plant. The. alternating-current supply conduc¬ 
tors were connected to an alternating-current motor, and 
the rotating part, of this motor he connected by a driving 
belt through the rotating part of the ordinary continuous- 
current motor, which was driven meohanically by means 
of the alternating-current motor, and so the second motor 
was used as a generator. The current from this was con¬ 
ducted directly to the storage batteries without removing 
them from tlm vehicle. Transforming sets for changing 
alternating into continuous current are now made in which 
the parts are all mounted upon a singlo base, so that the 
machine, transported as a whole, can be set down any¬ 
where, and needs no special foundations or alignment or 
adjustment. In fact, it is complete in itself, and ready for 
use on connecting the alternating end with the supply 
current, and the continuous-current circuit with the bat¬ 
teries to be supplied. 

If the available current is of too high a tension and too 
small a quantity, this can also be rectified by passing it 
through a rotary transformer, as in the ease of utilizing 
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similar currents purposely transported over long distances 
to the vicinity of use. 

The public cabs arc ordinarily provided with ntorage 
■batteries sufficient to propel them thirty miles. The bat¬ 
teries are tall, narrow jura of vulcanite, each containing a 
number of loadon plates combined with a chemical sub¬ 
stance. For convenience of handling, and also to prevent 
tho jars from being loose and capable of rattling or shak¬ 
ing among thoinHelvos, they are arranged close together 
and tightly wedged into strong wooden trays of standard 
size, interchangeable, and weighing, complete, about 1,600 
pounds. These are the trays which are handled with such 
great facility by loading and unloading mechanisms at the 
central station. In private vehicles, where it is desired to 
remove the batteries for charging, or to exchange them, 
they are arranged in smaller groups; and instead of being 
attached to the vehicle as a whole or placed in a sin¬ 
gle large space in tho vehicle, they are stowed away in 
small closets, but all connected to a single controlling 
mechanism. 

Where the storage battery when fully charged will 
carry sufficient current for the entire day’s use to which 
tho vehicle is likely to bo put, the battery can, ns wo 
have seen, be charged at night and used during the day. 
ft should bo remembered that, ns a general thing, a stor¬ 
age battery requires as much time for charging as for 
discharging, counting the discharging as the time during 
which the ourront is actually passing from the storage but¬ 
tery to the motor. If many stops or calls are made in the 
use of tho vehicle, it might often be out the entire day 
and the battery be called upon for not more than four 
hours actual service altogether. In many eases, however, 
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it will be found much tlie best for the private user of an 
electric automobile to have on hand a duplicate set of 
batteries, with tray and contacts all complete, to be ex¬ 
changed for tho set on the vehicle whenever it is more 
convenient to do this than to take the time required for 
recharging. This is now quite practicable, for, notwith¬ 
standing tho great weight of a standard tray of batteries, 
such as are. handled by tho machinery at the central sta¬ 
tion, mechanism has been devised for private use, whereby 
the sets of batteries can bo exchanged by one man without 
difficulty and in a comparatively short time. 


TELEGRAPHY 

Many plans for sending largo numbers of telegraphic 
messages with great rapidity and absolute accuracy have 
been proposed and developed during the past few years, 
and are now in a state of readiness for adoption. It has 
l«>eu reeently proposed to use the telegraph to literally 
send carloads of messages between eertain large cities. 
One of the latent propositions, which is undoubtedly prac¬ 
ticable, and must eventually go into use, is to avoid physi¬ 
cally transporting the tons of letters that daily pass between 
stud* cities, for instance, as New York and Chicago, requir¬ 
ing thirty-six hours in transit. 

It is assumed that most business letters can be expressed 
in fifty words or uuder, and it is proposed that the copy for 
these letters lie mailed in tho usual way, collected, and 
opined at tho post-office. Then that the contents he tran- 
aeriUnl on a machine resembling a typewriter, which pro¬ 
duces a continuous perforated strip of paper similar to 
that referred to in pages 120-122. This strip, when fed 
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tlirough a specially constructed and vary Bint pie telegraph 
instrument, produces dot and dash signals on the lino 
which arc reproduced by a similar machine at the other 
end. The maehirno at the receiving station is connected to 
a perforator which turns out a facsimile of the perforated 
strip used at the sending station. This strip is then tram 
serihed into ordinary language and delivered by the regular 
mail carrier, or by special messenger if desired, tlit* idea 
being to send out at very low cost what might be called 
ti slow telegram. It is estimated that a message mailed in 
Now York before noon tumid he collected, transmitted, 
and delivered at its destination during the afternoon. 

The expense of transporting the enormous muds be¬ 
tween these two cities is at present very great, and much 
of that could be saved. Twenty Tour hours in time would 
also be saved, and tin* sender would be amply compete 
gated for the somewhat increased cost by the great saving 
in time. The tdiarge contemplated is only tot emits. This 
would cover all expenses, and of course another ten cents 
would enable a similar lifty word message to be received 
in New York the next morning, u total cost of twenty emits 
as compared to several dollars fur ordinary telegrams of 
similar length. Many business men would nutttoiSh pre¬ 
fer to have their letters come in the original form of perfo* 
rated strip, transcribing them at their own uflices. This 
would insure secrecy and also hasten delivery. This ser¬ 
vice would require a specially built line, the wire or wires 
of which, while about the same si so ns those ordinarily 
used on the telegraph lino, would be of hard drawn cop« 
per, which possesses great Umm!e strength and is tlmrefore 
less liable to be broken down during storms, and which 
would also have seven times the conducting capacity of 
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in tin’s surrounding atmosphere. Professor Hertz con¬ 
structed an instrument which wan sttfltcteitf !y sennit ive to 
bo afTeeted hy and to respond to such electric w:n oh when 
placed at a short tl intnm*t* from their source; this device 
lie called a 41 coherer. M Quilt* recent I v a voting 1 ta! inn, 
Mr. Marconi, has taken nj» the stmlv of those phemnmum, 
and by investigation and experiment has so d*o eloped the 
system its to establish the p<»*Hl«ility of wireless telegraphy, 
which is now bring raj h< 11 \ pushful to practical sneers and 
doubtless wide, if nut universal, appliealion. 

In his system Marconi produces rleetnrjil diseliarpes f »r 
sparks from a point in the air raised sotm w hat abovethn 
immediate surroundings. Now, when a re* oi\ rr, which is 
adjusted tit respond to a wave of the chancier and force 
which is set up by the disehnree from the sending station, 
is located at a suitable distance, it rcMpond* to the wav e, 
and as the waves are short. <»r lone, will correct !\* repro* 
duee the signals sent. The Morse eode of do! >. and da dies, 
or signals and intervals, is used, so that the hound* coming 
from the receiver tire rend and understood i« the ordinary 
way. Of course n recording instrument hr w Inch the *jg- 
unis arc marked upon ti moving strip of paper could he 
employed in connection with the receiver, hot. j t , 1 1 i!f i 
country those machines arc obsolete, and sound i« relied 
upon entirely. 

Mr. Marconi says that there m practical !v no limit to 
the distances through whiedi the electric mm** tna\ be m nt 
and received, and lie has even now ^retired perfect ivsnlts 

up to twenty miles. In I Him, Mr. Miuvoiu reported the 
international yacht races from n ship t»» the hmd, n dmtnnre 
at one time of enrnr tern miles, and hi* desj»iii«do*s wore 
telegraphed to a newspaper in Mew York, printed, nmt 
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distributed and sold on the streets, within an hour of the 
time of sending the messages from the ship at sea. Such 
results as these in the hands of a young, capable, and 
enthusiastic investigator, and backed by equally enthu¬ 
siastic capital, must surely produce wonderful results in 
the near future. 

It is true that all the receiving instruments which were 
similarly adjusted and which were within the same radius 
would bo similarly influenced, and all receive the same 
message very much as the smmders in an ordinary wire 
circuit are now actuated. The limitless variations of cur¬ 
rent which can be produced will, however, enable waves 
of different character to be sent, and the instruments will 
be adjusted to respond to different forms of wave, so that 
each can be actuated as desired. Mr. Tesla believes that 
power can he transmitted in this same manner from one 
high tower to another over thousands of miles of distance, 
even from Niagara Falls to the Eiffel Tower at Paris, 
France. ___ 

SPACE TELEPHONY 

Puhi.IO announcement has very recently boen made that 
attempts to transmit speech by telephone through space, 
that is, without wires, have mot with such success as to 
justify the belief that within tho very near future speech 
will Iks transmitted through space with as groat facility as 
telegraphic signals by the Marconi system. 


ELECTRICITY ABOARD SHIP 
Will LX many people are aware, in a gonoral way, that 
eleotrio lights sro employed on board ships, very few 
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realize the importance of thin faet ? or what the electric 
light bun done for shipbuilding, and ship operating, in¬ 
cluding also ship comfort, ship hi \ urv, and ship safety. 

The writer has long hold the opinion that if the inean- 
deHcent electric lamp had never had any other useful up. 
plication than the lighting of vessels, it would have been 
counted a hucochh, and its inventor regarded m a public 
benefactor. 

For many long years the oil room of a vessel was the 
danger spot par excellence. It was infinitely uorsi\ m 
that respect, than the' powder magazine of a war vessel. 
Of rourHo, where a box of caudles covered the entire illu¬ 
minating outfit, the east' would he simple, hut it would ho 
another matter, and it very serious mutter indeed, to light 
one of the largo modern steamships by inn other means 
than incandescent eleetrie lamps. Imag me t he rtfeet upon 
the health and spirits of mwend thousand persons if shut 
up in a huge' iron hut! for hours at a tune with several 
thousand naked lights. Kitlier the pas^eue* r* or the lights 
Would he Btifled Ultd go nut after ll \rjy short period. It 
will he seen therefore that the ineandesrimt *d*’etrie lamp 
hm played it very large and important part in the develop; 
meat of the enormous floating lintels that m»w the 

big seas in every directum; and this is only one h at urn 
of the ease, the apparently simple mutter of illumination 
on morel wait veHtmlH, 

The Importance of the vlcetrio light mi ititr \**swds m 
infinitely greater. Kvery warship in provided with ojoutu 
operating lights for general illumination ami for use under 
ordinary circumMt&mwa, ami oilier circuit* operating lights 

only for use when it in desired to navigate the *hip without 

permitting a ainglii my to Im vimble from tlwi exterior in 
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any direction. Tlieso last are called battle circuits, and 
a ship so oquippod can proceed with safety, knowing that 
no lights can he oven accidentally displayed so as to dis¬ 
close tlie position of the ship to the enemy. But there are 
other and further uses which render the application of this 
form of power of the utmost importance. Every large 
steam vessel of the present day is provided with a great 
number of what are called auxiliaries, that is, engines for 
performing work other than driving the vessel. These 
engines are located in different positions, such as ash 
hoists, cargo hoists, steering engines, numerous ventilating 
fans, and the like, which, when operated by steam, neces¬ 
sitate tlm installation of long linos of steam pipe through¬ 
out the ship. Theso pipes are always liable to leak, and 
in warm weather overheat the spaces surrounding them 
so as to make them either entirely uninhabitable or very 
uncomfortable. On hoard a ship there must be large spaces 
assigned to cargo ami fuel, which spaces cannot be invaded 
by the plumber, as can one's house, whenever a pipe hap¬ 
pens to leak. Therefore steam pipes must be carried 
through tht.se parts of the ship where they will be always 
accessible; namely, the living rooms. Electric wires, on 
the other hand, can he brought together in any con¬ 
venient spot where they will he accessible, and without 
interfering with the comfort of the crow or passengers, 
because they can lm placed in positions altogether un¬ 
available f..r steam pipes. They are not liable to be 
frov-eu, m.r do they give out any appreciable amount of 
heat, nor do they discharge liquid of any land under 
any circumstances. Consequently they offer an absolutely 
ideal method of transporting power about a ship, since 
they will allow of being bent, or even stretched to some 
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growing chances of eolUnion with one of the modern float¬ 
ing palaces, But the danger to the larger vessel in by no 

moans small, and Home of the moHt mngnilirent steamships 
of their time have been destroyed in thin way, m that they 
too are anxious to avoid collision, ns the risks on both 
aides are too great to he willingly taken. Thankful in¬ 
deed should both parties ho for any provision that makes 
their presence known in time to avert disaster. 


HLHCTRfClTY IN FACTOItlhS 

IN THE application of electric power to meehanieal 
uses where work is to he performed, and steadiness of 
operation is desired, or where the machines to be driven 
are too heavy to ho ojHir&tod by hand or foot power, find 
hardly largo or numerous enough to justify the expense 
of a steam engine, a single electric motor of small she 
meets all requirements. This can he had of the constant 
gpead type, which, with known conditions of service, is 
not liable to the variations that give so much trouble 
with the small steam engine. Such motors are usually on 
the day circuit of an electric lighting plant, and are regu¬ 
larly inspected and kept in order by one of the eleeiriemns 
connected therewith, so that the user m nut required to 
incur the expense of an additional person to look after 
the motor. In larger factories, the advantage of using 
electric motors is equally manifest Heretofore, it hntt 
been the plan in large workshops to ittttlul a sterna en* 
gtne of sufficient power to operate nil the machinery, 
motion being communicated thereto from long lines of 
shafting running in journals overhead ami connected by 
belts to the engine. All such workshops are built *ith 
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reference to the connecting of these line-shafts, as they 
lire called, to the central engine. This can now be entirely 
dispensed with and a number of motors employed to take 
its place. The amount of power necessary to turn all the 
shafts in a shop all the time is very great as compared 
to the work actually performed upon the products of the 
shop, and obviously, where but half the machines are in 
use, or in use only part of the time, there is a great waste 
of power in constantly running the shafting by which they 
are driven. With electric motors the shafting is divided 
into shorter lengths and a small motor applied to each 
pi,.on or to small groups of pieces of shafting, so that any 
desired shaft with its machine can bo operated while the 
others are not in use. This gives a distribution of power 
which is exceedingly convenient, and, a supply of current 
tming available, incandescent lamps are often provided for 
the purpose of illuminating dark oorners and for the still 
more important, purpose of enabling the workmen to better 
the progress of work upon the interiors of hollow 


rnuHtrm’tumH. 

In addition, by the use of separate motors, machines and 
machine tools can be located with special reference to the 
eonveu.euee of their operation and the moving of heavy 


of work 


to Slid from them, or a machine requiring 


r\tr;i 
nmto 
whiidt 
run Hj' 


power can at any time bo added, with its own sep- 
j,mtor to drive it, without the difficulty and expense 
would otherwise be incurred from being obliged to 
id shafting or increase the strength of that already 


in place. 

A further advantage <d this system is that additions can 
be made to the buildings of a manufacturing establishment 
in any direction that is most economical, and much gronnd 
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can bo used which would not other wine ho available, l>e- 
causo Um motors for power can bo placed wherever de¬ 
sired, all restrictions due, to lino shafting ami the locution 
of the central Bteam engine being removed. 

In the operation of one of the largest electric manu¬ 
facturing establishments, the (Jenern! Kleefrte Works at 
Schenectady, New York, an enormous increase in its 
faeilithm recently became necessary, due not only to the 
great increase in t he demand for electrical apparut us, but 
also the much larger sines of flu* generators n*»\v used, so 
that the original shops became quite inadequate, and midi* 
tional ones of greater rapacity hud to be provided* The 
Bteam engine hy which the machinery was at first driven 
long ago proved too small, and to supply the increasing 
demand for power n power station, equipped with niter* 
nating-eurrent generators, was roustmeied nt Mcclmimm 
Falla on the Mohawk Hiver, some twenty ou\ utiles away. 
The generator there are operated by water* wheels til the 
Falls, and the current w transmitted twenty *si\ mites to 
the factory, where it is “stepped down 11 and distributed 
to the motors, moat of them of tfie alternating current 
type, in different parts of the works and b\ which the 
machinery is driven* Many of the larger special nine hi ties 
are driven each by its own separate motor entirely inde¬ 
pendent of the others, 

ELECTRICITY IN THE OPERATION OF LARCSH 

OFFICE BUILDINGS 

Viky few of the tenants of modern office building**! 
such as urn found in Now York, Chicago, St. Lmtstt ami 
similar cities, have any cotiotiptbn of the part played m 
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the daily economy of their office life by the electrical cur¬ 
rent. It Hooma very simple to utilize a dark corner by 
means of an eleotrio light running all day, and also to 
enter a amooth and rapid elevator and learn that its mo¬ 
tive power ia electricity, but that is only the beginning. 
In many of the modem office buildings the system of 
heating and the electric power plant are so combined that 
the steam engine is employed only to operate dynamo- 
eleetno generators for the production of current, while the 
spent, or exhaust steam is utilized to heat the building, for 
■which purpose it is, oven as a waste product, quite suffi¬ 
ciently hot to meet all requirements, except in the coldest 
weather, when a small proportion of fresh, live steam is 
added. The electricity so generated operates motors to 
run the elevators, furnishes lights, and is also much used 
to drive ventilating and exhaust fans. In all of the large 
buildings the foundations are very deep, and the cellars 
usually extend two stories bolowthe sidewalk. This space 
is nowadays completely filled with machinery, to which many 
of the new buildings have recently added a small refrigerat¬ 
ing plant supplying ice water on every floor. When this 
is combined with an artesian well, as is often the case, these 
buildings are complete in themselves and dependent on out¬ 
side establishments for absolutely nothing except coal. 

Tim modern hotel is similarly situated. Many of the 
newer ones are equipped with combined Bteam and elec¬ 
trical plants, which have been designed with the greatest 
possible care by engineers of the highest skill. These 
carry on the heavy work of the hotel in the most eco¬ 
nomical and reliable manner, and render the establish¬ 
ment as nearly independent of breakdowns or failure in 
outside sources of supply as is possible. 
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SIGNALLING 

In (JjiAPTKB XX,, among the various applications of 
electricity, one is mentioned in which un annunciator m 
the office of a hotel is connected with all the r<>oms, 
ho that a Imtton in each room will, when pushed, drop 
a signal in the office indicating that the occupant of that 
room, the number of which in given, requires attention. 
Many of the largo hotels in the United Staten are now 
equipped with a system which has devices placed in the 
guest rooms that do everything hut think. Knelt room is 
provided with a dial upon whieh m a movulde pointer. 
Upon thin dial almost every conceivable thing is printed, 
from a hottlo of ink to a bottle of champagne, and from 
the porter to get your baggage to the barber to dress your 
hair. It does not seem possible that n guest, no unit ter 
how many bin wants, eon Id possibly think of any thing 
permissible in his room that in not to be found on litis 
wonderful lint* At the office there m u signal hoard with 
the names of all the articles on the dials in the guest/ 
rooms, The guest moves the pointer until it m opposite 
the name of what he wants, then presses the bnitom Tim 
number of the room is first signalled to the office by the 
button and then the pointer, in moving back to Its vmr«> 
position, acts upon the circuit am! fmimsnits n signal that 
indicates on the board at the office just what in railed for. 
The name of this apparatus is the Ifer»*g Telseme. 

FIRE PROTECTION 

Tif® system of electric fire signals also referred to in 
Chapter XX, has been very greatly improved, and there 
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j„ noW (or sale a form of conducting cablo which is used 
on protection signal circuit. This wire not only transmits 
burglar alarm signals in Urn ordinary way by indicating 
nnv tampering with the circuits, and so notifying the 
police or the watchman, but the conductor is compos¬ 
ite and a sensitive material is employed so that in case 
of a tire in any room of the building protected by this 
system, a rise in temperature above a specified degree will 
turn in an alarm without breaking the circuit, one of the 
component parts of the ruble aeting as a thermostat, of 
whirh there are a gnat number several to each room 
through which the circuit passes. 

pR( HdlC.noN OF Id.FCTHiaTY BY NATURAL 
FORCHS 

Mi *n h«« been said in a general way concerning the 
vast rUcul of the natural forces winch are neglected and 
allowed to go to waste all about ns. Scientific men and 
investigators whose thoughts deal umro with the future 
than v. itb the present, realizing this, have pointed out 
many minces iu wind, work now aecomplished by ooal- 
prodm . d powri could he much more economically per¬ 
formed bv the ui duration of sources of power not now 
considered available. For instance, distant waterfalls, ao- 
cumnhitiom. of cheap fuel in remote places, the ourrents 
id rapid rivers, the force of the tides, mid the heat of the 
sun. The gi cate it utroiM is usually laid upon those forms 
which are moil dillh nit to handle and which would eall 
for the npemliture of great sums of money. Neverthe¬ 
less, the proph. m are right. Some of their predictions 
are already fulfilled. Many mow of these things will come 
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to pans in time, although tho expense will probably ho loci 
great for individuals and will necessitate co-operation or 
centralization of capital. At present, however, simpler 
methods are still available in plenty, ('heap coal enables 
the manufacturer to retain his individuality and to operate 
separately and successfully in many parts of the country. 
Where that in the ease, and ho long as that continues to ho 
the case, existing conditions will prevail, nn a general thing, 
Tho discovery of natural gas re volut ionized mnuv ; n . 
dustries and utterly changed the conditions in some of 
our manufacturing cities, purlieutarly in Pittsburg, from 
which place the dirt and smoke, due to the rnnnm m 
amounts of bituminous eon! used in the treutm* n? *,f \ rtm 
and steel, disappeared during the reign of mound gas a 
few years ago, Unfortunately the gas pruned to be m«*;itly 
an accumulation, and allluumli in immrjme quantity, it wan 
finally used down to the natural supply, whioh, wlidn 
regular and eontinuous, was far beh.w the demand to 
whiidi its great utility and convruienee } m ,\ gj* vn rim * 
So the bituminous real eame buck acaiu. Net oral giw, 
however, during its short but brilliant career, rOnblmhod 
a record that demonstrated the great mipenorn \ and rente 
omy of fuel in that form, and there m no doubt that, hay 
ing the system of piping which was spenalh pul is« and 
used for tho conveyance of natural gits m furl, it i« only 
a question of time when those pipes wilt be connected to 
tho nearest supply of cheap coni, from which cheap gnu 
will \m produced, am! the smokeless age will begin. 
There would then bo no failure in the supply of gas, us 
it would lie produced to accord with tbit demand, and tins 
hauling of mil lions of tons of oou! will Ww me nnneem* 
sary* Naturally* th© ntilroAdb will tippim© this tintt, but 
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mosphcrio electricity and keeping in the electricity gener¬ 
ated. So mieecBBfnl have theno leaner attempt* been, that 
finally the capital wan obtained to undertake the difficult 
ami coatly work of cutting the tunmda and Imibtiug the 
great generator** that would make it worth while to direct 
part of the water* of the Niagara liiver nt the Kalla to 
the operation of water-wheel* for driving dynamo tdectrie 
generator* to produce current of high fetmioii for romntcr* 
cial d'mfcrilmtion, for power and general purpose*. Thin 
haw now been fairly begun, and upon the nealo which mmh 
a work denervoB. 


NIAGARA FALLS 

Thk utiliaation of the tmormoua water-power which for 

generatiwiH hat* gone to wuhUi mow the Kalla of X mgara 
haw for many yearn been the uumt prominent mul obviotm 
proportion, and one of which it win* po|mlnrly expeeled 
that electrician* would take ndvautnge junt im no<m tm it 
could bti done on a Bafe commercial Imam. Wry iiaturnlly 
the Falla of Niagara, being no wtslt known, have been m* 
ferrecl to by every apuaker and ovary writer on the nub* 
jeot, and thia natural aottree of {tower hat* mnnmnl to 
embody all the vital pnmdhilitica of the electrical triiini- 
tntBaion of power at nominal e-oat Undoubtedly it wm 
much the inoat npeotmuilur performance of nin that eon hi 
he attempted, and nt the name time one which would tin* 
come moat readily known to the worbt nt large. The work 
to be actually done in order to mate it pnamhle to 
place and operate water-wheel* nt Niagara* wna to out n 
canal or raceway nt cine Bide of the river to a point below 
the l^nlli, the canal being |n«t large enough to convey tit# 
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doairod amount o! water. At the end of the canal a large, 
deep well called the wheel pit, was sunk in solid rock, 
and at the bottom of this pit the turbine wheels are located. 
Tlio pit iH filled with water from the canal which can only 
escape downward through the wheels, thereby operating 
them, and the dynamos, one of which is connected to the 
upper end of each wheel shaft. Those shafts extend up, 
through the water in the wheel pit, to the power house 
above it in which the generators are located. From below 
the pit a tunnel had to bo excavated, also in the solid 
rock, to carry oft the water from the wheels, the mouth of 
the tunnel or waste-way being just above the ordinary 
level of the water in the Niagara River below the Falls. 
When, and in proportion as tho gates of the turbine wheels 
are opened, the water from the wheel pit passes through 
them, imparting motion to their rotating parts, and es¬ 
caping thence downward into the tunnel, and out to the 
river. Tho head of water, often referred to, is the differ¬ 
ence between the level of the canal, taking the water from 
tins upper part of tho river above the Falls and the tunnel 
below the Falls which discharges the water after it has 
gone through the wheels. The generators connected to the 
turbine wheels are of the alternating-current type and were 
at tho time of their installation aotually the largest in the 
world, being calculated to and delivering regularly and 
steadily 5,000 horsepower in the form of eleotrical current 
of high tension. 

The current from Niagara generators is supplying almost 
©very kind of electrical industry. It is transformed into 
direct current at constant voltage and at variable voltage. 
It is transformed as alternating current to a low voltage, 
either constant or variable, and to a high voltage for 
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transmission from two plumes in th mi phases. Tint cur* 
rent ia used for developing meclmnienl power which re¬ 
places steam engines, does miscellaneous work, such aa 
heating and welding, and operates street railway s, It in 
used for lighting and for ordinary heating. In the new 
processes it m used for its cdoctndytiu utid heating effects. 
Heating in produced both by direct passage of the current 

through materials-.sometimes in liquid, sometimes in solid 

form—and by the electric are. 

The important enterprises at Niagara are w\v, mid in- 
elude the manufacture of carborundum ninl certain chemi¬ 
cals. The processes of production tire among those %\ hadt 
electricity ban recently given to the arts. Thin are large 
consumers of power, and their cnmmtirctJil practicability do* 
ponds upon ito cheapness. In ordinary imumfactoring in* 
dustrioa the cost of power in h small percentage of the mst 
of material amt labor, and the power m used onlv a smalt 
part of the day. In the industries at King lira lln 1 c»»st iif 
power ia tho vital olomont, nml whilo mi tho ono bond 
their continuoua operation in a k oh them ideal (MiMfmix-tM of 
& water-power plant, on tho other hand they nro mjrmtieanl 
onuma of tho advance in indualriul method* which im inn.hi 
poaaiblo hy abundant and ohoap aloe trio ourrent, A dm* 
gramrnatio roproHontatinn of tho different forum of dmlrihu. 
tion ia aeon in Fig. Ml. 

The work already uoi-ompliahod at Niagara Kail* ia 
atupondoua. Thoro urn now live A.tKMi-hnraopowor ,*en« m- 
tora oonatantly in operation, each ono drivou hv n aopurato 
wator-whcol and delivering alternating ourronta, part of 
which ia used in tho immediate vicinity, and part «<nt 
over tranamiaaion lines which as yet enrrv it only m far 
aa Buffalo, twenty-aix mi lea distant, whom it m Iran*- 
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formed, an Hinted, into currents of different potential, ae- 
(wording to tlio use to which it in to In* put, and 1 1 in! rilmitul 
throughout the city over lighting and pov,or envuiis. The 
valued of cheap power as supplied hy the N mgaru plant ja 
already ho fully appreciated that the eapm o \ **l the plant 
in now being inereaHod by the* addon*n el 10,0011 Inoorpnwer 
to the. original 20,000. The future of 1 h 1! 1 .«h * t - regarded UH 
very bright in view id this unlimited and n ! able nunvr <»( 
power, wliicdi is rented at li\ed rates, so tha! a manufacturer 
will know exactly what it will cost him t he \« a.r round, and 
all the trouble, dirt, dust, an*l disorder alien hug the haul¬ 
ing of coal through the streets, its dein ny , storage, and 
handling, in avoided. Surely if oann«»t be long in that eity 
before electric heating and cooking lire added generally to 
the lint of its nppliimiiotia 

A similar work is being earned on on the t kanadmn aide 
of the Falls, and the adjacent cities in Canada will a In*» par 
ticipato in the advantage shown by A merman ah ill and on- 
terpriso to be in every way successful It m i.nh a *pmHtmn 
of time when the currents generated in N me am Kalin will 
reach further points, such as Huehester and Si, me use, and 
doubtless Albany and New York, As we lm\e arm, it is 
possible to «tep up, raise the tension of, tin' emi* nf, it bring 
of alternatingcharacter, by convertors pluerd ahem the hur, 
and tramiform it into eitrretii of still higher potential, if nee* 
Ottsary, in order to enable it to traverse many snore mile?* 
of conductor** without excessive loss or the empho mm! nf 
conductor** of too grout cost. At present, brnrirj, there 
Htnnd« in the way of this extreme long distune*' tiannmm 
Hion, Niagara to New York City, the nicutn mgme plants 
in operation. The electrical imlinitry iniiffl #§«uncwhiit 

ilowly in ite application to new fuotorie* nsni timrluno slitijn 
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until iin economy of operation reaches a point which will 
justify iiianufaeiurorn m discarding tlnur present engines 
and jmivimHing electric motors to take their pliiem 1 hir¬ 
ing the past few year* tunny waterfalls have been utilized 
in the same manner as the Fulls »t Niagara, particularly 
those originating isi the wild and almost iimceemihle gorges 
of the Kooky Mountains. Here the water from ilio malting 
snows is collected and brought by large and immensely strong 
Steel pipes to points where tin* greatest power can he real¬ 
ised therefrom. In them* cn#e* the supply is pructically 
constant, hnl the ipniiility iiiniilL The source, however! 
IS high, a 11 * I hy piping the witter to this lowest uvailabh) 
point* an eimrinotiH head m seen red, *<> tlmt a small ipmn- 
lily of witter il* s vr 1«*j m mi enormous power when lined to 
operate if atop wheel* or «uminrit of special construction* 

These water engine# nre coiitieeitnl In altcrnati tttf-current 
generators, which m unr » nrrrfitu of very high potential, 
tSnit u« t great force, ti# lung lines whereby tlie current i* 
transmitted man v no lea to neighboring towns, milieu, etc,, 
where a is use-1 b<r hauling, lighting, hoisting, operating 
ice making pliint#, mol many other i mins tries, mostly new, 
and many of them j»r<4ett*m!ly mil of reach of the ordinary 
steam engine on account of the ilillimilty ntnl coat of pro* 
miring fur! 

Th« nep.ttiini deu,N *.f a few of the larger long »tis* 
lance li msciiu o*^|. m pl.mf > will }r found in the follow ing 
parse i up ha, ami I tom in* m data a fair idea nut be obtained 
of the ntoii to which ihn branch of the art has already 
been » 1*ijt# nu | ni the same tune also of tint degree 
of techno d *o o! i uH tu plan and in rtinuitimi wliieli Itn 
breit wi'tru* •! ihi ij ii','t! rsiyifirrrs uf the present day* 
These plant# rrptmieiit » great 4r;i! of actual et}*r tided cash. 
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which would not have haem forthcoming tttilem the ability 
o£ thoao in charge to Hueoensfu 1 ly curry out the various 
plans had been sulUniontly demonstrated. 

The Big Cottonwood Plant (Ptali) horsepower in de¬ 
veloped from a waterfall in the Big Cottonwood (’litltui, 
which Is piped to the powerhouse nml used to dm e four 
BOO-horsepower Felton wheels each directly eonneeted to 
one 450-kilowatt triphase alternating current generator, 
giving current at 2,000 volts, 1*0 e \ eles per aeeoud. This 
current in ruined by step up transformers, ut the stntion, to 
u pressure of 10,000 volts, and is then wnt over the Inins- 
mission line fourteen in ilea to n sub station at Sail Luke 
City. At the Huh-ntsitum the pressure in red need by step* 
down transformers to 2, WO volts, at which pressure it k 
supplied to the Heoondnry «y stent extending about the eiti, 
in which it in further reduced for d*uue^iie use by loeul 
transformers, m may be required, 

Ogdon (Salt Luke City) Flint!, A dam across the Og. 
dem Elver, six or seven miles from Ogden, jaav ides a 
large a to mg u reservoir, the water from w Inch is ruined 
through a flume to the power house ilv^ tntlm distant. 
The head at the power house k 450 feet, and the Htime 
can convey suflieient water to develop iilumi 1 *giw m i h<»r*o» 
power. Five 750* kilowatt (tenoral Klrrtnc g«mernt<tj'M of 
the triphase alternating eurrent t) j»e are nmi m opmunm, 
each driven by it Knight waterwheel of IgJifO horsepower 
directly connected. Stop*up transformers rake the v«»Uitgu 
w> 11,100 volts ami deliver current to the transmission Isnti 
extending thirty-six miles to Salt Lake City. At ;klf Lake 
City step-down transformer* reduce the pressure iigiun to 
2,800 volts, at which it m dktrilmted u* ilw city supply 
nyattim The transmission linn in thin mmo vimmats of two 
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circuits each, comprising three hare copper wires, supported 
upon porcelain insulators carried by a pole line. These two 
circuits have been experimentally connected so as to make 
one circuit of seventy-three miles; also the pressure was 
stepped up to 80,000 volts, and at this very high potential 
1,(KK) horsepower was transmitted over this seventy-three 
mile circuit with a loss of only 9 per cent of the current on 
the wires and 4 per cent in the transformers. This exceed¬ 
ingly interesting and important demonstration shows what 
cun he done when the necessity arises. Of course, when 
this experiment was made the insulation was at its best, 
the weather {'me and the air dry; these perfect results 
probably could not have been secured during a rain 
storm. Therefore, for continuous operation at such a 
pressure, 80,000 volts, extra precautions would have to 
he taken and special insulators would have to be placed 
all over the line in order to prevent such a breakdown as 
would he caused by tho current escaping from the line to 
the earth. 

Portland, Oregon. The transmission plant supplying 
this eity is located twelve miles away, and is designed for 
an ultimate capacity of 12,000 horsepower, of which 4,000 
is new in use. Current is generated in largo General Elec¬ 
toral triphase generators by direct-connected Victor turbine 
wheels of 500 horsepower each, the current being sent to 
the transmission lino at a pressure of 6,000 volts. This cur¬ 
rent is stepped down at tho receiving sub-station at Portland 
to 1,000 volts for delivery to the secondary system, from 
which it is supplied to consumers. Part of it is also sent 
through rotary transformers and thereby converted into con¬ 
tinuous current of 500 horsepower pressure for use in the 
street railway system 
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St Anthony's Falls, Minnesota. From the power house 
located at thin point ei rout in run to litres suit »tnt inns, i Wt , ; u 
Minneapolis and one in St Paul, the distance ranging f rum 
two to ten miles, Tito water-wheel plant CMiru.itn«»f mi* tur- 
Lino wheels of 1,000 horsepower each, Ilf !he*t\ Ninon tiro 
(limit-connected to seven 700* kilowatt triph.i .»* ulirnmtors, 
funoshing current at 8,450 volts; the remaining thtee drive 
throe 750 direct-current pen era tom fiirunddn ' r nrmit at lie Mi 
VoltH. The turnout from I bene n»\ end p n*u*af.>r* in sent to 
the sub-stations, part in the form of nhcnmtmg current and 
part in the form of direct current, the buier being used for 
the Btreet railway systems of the two dhr^ und the former, 
the alternating current, being stepped don n !m Nupp!v the 
lighting systems. 

California hint at the present turn* several large umUilfa* 
tions, among which may he mentioned jdanM m ihv lllun 
Lakes, which comprise three Too horsepower l Vlton whrids 
under a head of 1,040 feet, operatic : it hhe number of 450 
kilowatt Stanley diphnse inductor generator* delivering *’ur» 
rent to the transmission line nt *1 Joo \ .din preaHurc and no 
cycles per second. This procure i* raised by step up train*- 
formers to i 1 ,CHk) voltn. I he 1me ts l U i r ? % ume miles 1®mg, 
extending from the power lioiwe in the City <*f Stockton. 

Folsom, California. This ulatmn him kmr pints of mf 
McCormack turbine whetds, 1,200 horsepower each, i % #*ti|»laiil 
to 750-kilowatt (uwerid Kleelriti three* phase grfir.riiti.irip |#iv» 
Ing current of 60 cydiw at 800 volts. Tltw enmmi ip stepped 
U]> at the station to 11,0011 volts, and unit mit at timt pres- 
sure over the tr&numisahm lititj from Folsom to Sacramento, 
a distance of about twenty four milm Tim receiving sub- 
Elation at Sacramento in provided will* transformer* dm 
signed to step down the oummt ami divided mu> ttmm 
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power, connected directly to Stanley d biphase genera torn of 
000 kilowatt capacity, and which, in view of the compara¬ 
tively short distance of transmission, deliver the alternating 
current direct to the line at JV200 volts, thus avoiding the 
loss incident to the use of the atop*up transformer, which 
though small is worth saving. 

The city of Montreal, Canada, in supplied front nit elec¬ 
trical power plant at Clmmtdy, sixteen and one half miles 
away on the Richelieu River. In thin plant the current t§ 
generated at a pressure <»f volts with till rydcti pur 

second, which is sent directly to tin* transmission line and 
in stepped down ait the receiving end in Montreal for city 
distribution. Thin in perhaps the highest potential nt which 
current i« now generated, and it m interesting to Know that 
12,0fK) volte direct from the iimtihinti to the transmission 
line, without the aid of stop-up transformers, is not only n 
possibility, but mi everyday operative arrangement 

It has long been proposed to tine the immense force pres¬ 
ent in the rise and full of the tides to product? power through 
a suitable apparatus, and thin in undoubtedly practical, but 
other and more convenient means, such tut thorn* just re¬ 
ferred to, will be utilized to their fullest extent before this 
method is availed of, beeaiwe streams of water urn more 
easily controlled and handled than tidal waters, and nt 
much less cost Furthermore, tin? liability nf damage by 
storms must always b« taken into consideration in cormeti- 
lion with tidal machinery, 

Liwt of id! comes the power of tlni amt. The human 
mind can only imagine of what that m capable, lint w« 
inunt find our way through ninny lew daring attempt** Im- 
fore we are prepared to avail ourselves of this tim greatest 
of all the forces known to limn* (Jreat systems of storage 
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of energy will bo required in order to have a reliable and 
ru flieiont quantity of sun-power in some form always avail¬ 
able so that tho desired work may be performed by night as 
well as by day, and whether the sun shines or not. There 
will be exceptions, as in those instances in which sunshine 
and work go together, for example, in harvesting, and some 
other agricultural operations. 

It is interesting to know that currents of rapid streams 
have been adapted to industrial purposes. Forty years ago 
the writer saw tho floating mills on the Danube. These are 
house boats anchored in tho stream and provided with a 
large paddle-wheel at one side to the axle of which the 
simple form of mechanism for operating the well-known 
millstones is connected, precisely as in tho old-fashioned 
country mill, this power being supplied by the action of 
the current on tho paddles of tho wheel at practically no 
expense whatever. Tho grain to be ground and the re¬ 
sultant product is conveyed between the shore and the 
mills in boats. 

With hitnminous coni nil of it ifl used, both lump and 
slack, tho different varieties being suited to particular pur¬ 
poses. Tho entire product of many mines is transformed 
into coke <m tho spot and sent to market in that form. 
This coke is far richer in carbon than is ordinary gas 
house coke, and is particularly desirable for use in smelt¬ 
ing furnaces, since it produces a greater heat than can be 
obtained from the coal. With anthracite coal, however, 
the ease is somewhat different. This variety is always 
scut to market in tho form of lumps, largo or small, but 
free from dust or slack, and this is necessary in ordinary 
use, because of tbe amount of air needed for the combus¬ 
tion of unthrueitu and the difference in the methods of 
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firing. In ilia anthracite coal regions, therefore, there 
have accumulated enormous piles of what in cal tin! culm 
(slaek) which com prise the liner particles broken from the 
largo lumps as they are run through the crusher in order to 
reduce them to marketable aim These culm piles contain 
millions of tons of good fuel which will, undoubtedly, Ik; 
utilized in the not far distant future in the production of 
electricity and clump gas, but electricity will come first, be¬ 
cause it stands first and foremost among nil the discoveries 
of man in its capacity of being transmitted* or, in other 
words, in its capacity for acting as n vehicle to transport 
power over long distances with the least known loss. 

There or, as yet, no other way of transporting 11 thousand 
horsepower a hundred miles ami having any considerable 
portion of it at the other end. You might compress mr into 
vasstds and transport them, but the cost of transporting the 
vessels in any known way would consume the value of tin; 
power. You could lay a pipe ami force gas through it, but, 
unlike electricity, after having produced the gits* you would 
have to furnish powerful pumps in order to propel it (the 
gits) through the pipe. The cost of this would absorb much 
of the value of the gits and there would also be great loss 
from condensation. So that in considering the application 
of distant sources of power to great works and operations, 
electricity furnishes the only practicable means yet actually 
tested, and the cost of which and the condi Uomi under 
which it can he applied are definitely known* 


GAS ENGINE-DRIVEN ELECTRIC GENERATORS 

hern many years engines operitltfil by the explosion of 

compressed charges of illuminating ga§ mixed with itir 
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have boon employed, to meet special conditions, but for a 
long time they were rogarded as expensive luxuries only to 
be used under very exceptional circumstances. The Otto 
engine is the best known of the earlier types, and many thou¬ 
sands of these are in use. For years, however, it has been 
accepted as a fact that the gas ongine was restricted to small 
sizes, and that, therefore, it was not practicable to construct 
it in a manner such as would adapt it to large installations 
ami develop the greatest possible economy of operation and 
inuiutonanee. 

Tin' engine department of the Wcstinghouse Manufac¬ 
turing < 'ompuuy, of Pittsburg, believing differently, has 
devoted a great deal of time and money to the development 
of this species of engine and to the construction of larger 
sizes, so that, they have, at the present time, several 650- 
horsepower gas engines in operation, one of which has 
been running for two years. This company is also, at the 
present time, engaged in constructing two of a series of gas 
engines <»f l.bill) horsepower each, all to be employed in 
driving eleetrie. generators. Mr. Westinghonse is author¬ 
ity for the statement that “the advantages of the use of 
gas engines ran be best appreciated when it is understood 
that if a gas company were to supplant the present gas il¬ 
lumination by an equal amount of eleetrie light, obtained 
from gas driven dynamos, it would havo loft for sale, for 
otlmr purposes, over 00 per cent of its prosont gas output, 
it is further announced that by the use of producer gas, that 
is, u fuel gas much cheaper than that made for illuminating 
purposes, n horsepower can be developed in a gas en¬ 
gine at the rate of one pound of coal per horsepower per 
hour. Very few steam plants oan be operated on double 
that quantity. 
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In talcing up the various methods of producing current 
for goncral distribution and use, the most important consid¬ 
eration is, how can it bo delivered within the desired terri¬ 
tory at the lowest cost? Fuel, both for heating, operating 
steam boilers and in the arts will undoubtedly bo used in 
the form of coal for a long time to come, but that which is 
transported over any considerable distance will bo only the 
very host. The new methods of transmitting power will 
very soon make it unprofitable to transport cheaper grades. 
The utilization of the lower grades of coal, t«* whieh may 
he added the many million tons now classed ns refuse, of 
no commercial value, indicates the opportunity for an 
enormous industrial economy. This low grade fuel will 
yield a much larger proportion of gas than its value as 
fuel would indicate, and that gas would bo as good as any 
for the operation of large gas engines. It may bo that such 
engines, combined with large dynamo-electric generators, 
will afford the means for converting this material into elec¬ 
tricity for lighting and heating whole cities, within a radius 
of a hundred or more miles. Furthermore, as we have seen, 
gas is a much more convenient fuel than coal of any kind. 
Large quantities of it oould readily bo transjKirted over long 
distances if accumulated in holders under sufficient pressure 
to overcome the friction of the pipes, and cities could lie 
supplied in this way at a greatly reduced cost. More gas is 
used to-day than before the electric light was introduced. 
The general illumination is 1 witter. In the opinion of thu 
writer, eleotrio lighting will increase steadily and gas light¬ 
ing will decrease, but the gas will not disappear; it will fw> 
used in steadily increasing quantity. The things that will 
disappear are the ooal cart, the coal hole and the coal-tired 
furnace for domestic beating. The two former will become 
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obsolete, and the hot-air rurnace, as we understand it to¬ 
day, h« supplanted by tins simplest kind of a sheet-iron 
boat generator operated by a gtut flame and actually ca¬ 
pable of tin* automatic regulation so often sighed for, hut 
apparently unattainable with solid fuel. 


hl.ld ITRICITY DIRECT FROM HEAT 

'Pit k ultimate production of electric current direct from 
coni, that is, front heat produced by the consumption of 
fuel, baa been for years the dream of the electrician and 
bi, .i .,i'. »pi<d \ >tv mueli the sumo position electrically as 
hnn tlie philosopher's stone by which base metals wore to 
!„• changed to cold. Truly any thing that would transform 
coal .Mo i !rMrie enrrent without the intervention of ma- 
tdom iH, ihe strum boiler, steam engine and dynamo-elec¬ 
tro- e> m-ralor at present necessary, would be. of equal value 
to bom.mitt. provided line eould be aceotnplishcd in asimplo 
wav huinr progress, howi-ver, lias kum made in this direc¬ 
tion. ami while the mmltu arc not yet such as to enable this 
method .d .-em-rai.oii to comjK'te commercially with the dy- 
mimo rlnti.e gem mt<>r and its driving engine, they undoubt- 
,.,ij v point to hiph«-r thing:! and must servo to very greatly 

ttiirmi 111 * - ? r * lim'in itimv. 

no luu/ With the Known foot that when a lodcstone or a 
iiiiH'm-i ; , cd iron bar was heated to redness it lost its mag- 
tmtumi, in. ti. tiore, m 1 H«k, sueeceded in generating a 
cm r, i,t in a cod of wire hy the alternate heating apd oool- 
,,{ » magnet in inductive proximity thereto. Dr. 

uppu.atus consisted in a coil of copjier wire through 

.1 .. . ... tt-io.-t. misHwl an iron wire which was kept 
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magnetized by contact with n permanent magnet, the ar¬ 
rangement being Hiioh that the iron wire formed n euro for 
the coil of copper wire. The iron wire being heated and 
cooled, its magnetism rose and fell, ami current was cor¬ 
respondingly generated in the surrounding end «*f copper 
wire. Numerous other experiments have been made, nil 
of which prove that a magnet capable of exciting current 
in a surrounding coil of copper w ire would be demagnet¬ 
ized by the application of heat. The great 'gtestton, how 
ever, was, ami is, how to apply this heat m studs a way ns 
to produce a sufficiently rapid change of temperature to 
generate current enough in the end of mire to be of any 
service. 

About the year 1887* Mix Thomas A, Kdisots introduced 
bis pyro-magnetie motor. In this machine the aimniure to 
bo acted upon was constructed in tin* f»»rm of u roiainble 
bundle of small tail am of thin iron, which wmv placed be¬ 
tween the poles of a large magnet. Highly heated air was 
then passed through part of these tubes, while purl of tlnuii 
were kept cool. This caused lint mugnrtiwm to be *ft»»nger 
in the cool parts of the armature than m the highly heated 
parts, so that, ins teat 1 of standing stall in? tween the poles 
of its Held magnet, it (the bundle of tul***) wiia rotated 
between them. 

A motor embodying tins principle was constructed 

weighing about 1,500 pounds and calculated to develop 
about throe horsepower. Tltia motor mmrkwd Hum***' 
fully, but notwitltHtiimliiig tho oomutmmt* of th« th.mry 
it lutH not y«t boon ohc. or t.ui tu.nl how to ov.Tcutm’ ihi< un< 
chanical diflieultioH nuflhmmtly U> brut# thirt itmohmo w itiou 
tbo Hold of uomputition with tho dyttiimui'hu'tno motor m 
itn p remit Htato of perfuutiou. Tins tronhh* w.’tm. to !«? 
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that under no circumstances can the tubes of the armature 
be heated and cooled often enough to make the discovery 
valuable. Mr. Edison finds that 120 times per minute is 
the limit, and this is not rapid enough for commercial 
serv tee. 

Some three years ago, during 1896 and 1897, Mr. Harry 
Barringer Cox engaged largely in the manufacture of a 
thermo-electric generator which was put upon the market 
for domestic use, lining calculated for operation by an 
ordinary gas jet By this moans current could be gen¬ 
erated in the house for domestic use, as for operating a 
fun <>r sewing ninehiue motor. It was planned also to 
operate inesnideseetit lights, although, already having the 
gas in tin- hoimr, it, was very unlikely that any one would 
e.ire to instal an electric light generating apparatus to be 
operated by means of the gas when they could use the gas 
ibn* i b»r the production of light However, the apparatus 
produced bv Mr. t'ov was in a small and convenient form, 
nod would undoubtedly produce current direct from the ap- 
phiui! am of beat. This apparatus contained a thermo-pile; 
that is to say, two different metals were combined so that 
w hen one of the joints between them was subjected to heat 
I»n el. etnc eiimmt was generated between them. The po- 
trnt'.u of currents of this description has always been very 
low. but. ill the ease of the Cox generator it is understood 
that th.- mi-chuuK-al dilhcallies are great, although the prob- 
libiiiii. i nii> that they could have been completely overoome 
had there been a sufficient demand for such an apparatus. 

Another notable recent achievement in this line was 
that of Or. W W. Jacques, of Boston, who, about the 
tune. produced lus thermo-carbon cell, in which 

by the combustion of carbon, in the presence of a strong 
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alkaline solution and a current of air, a current of oloo» 
trinity is set tip. 

His apparatus, as embodied in a patent, consists of a 
closed furnace, which heats an iron pot about six inches 
in diameter and two feet deep, whieh is filled with caustic 
potash or soda, the alkali being kept in 11 melted state by 
the application of heat. In this melted alkali is suspended 
a rod three inehes in diameter and twenty inches long, 
made of coal compressed into sticks of the above size and 
baked so as to expel the included gases. This forms one 
plate or electrode of the battery, and is the consumable 
element. 

lu order to accelerate the action of the buttery a supply 
of air is to be forced through an iron pipe! which terminates 
in a rose inv/s/Mx Thus the air keeps the melted h\ dmte m 
constant agitation and at the same time supplies oxygen, 
which Jacques claims is necessary for the chemical net ion, 
With a coll of this size a current ef l. r »o ampere* at H n 
K.M.F of one volt is obtained. 

A test made on a buttery of 100 cells, each tweh e inches 
deep and one and onedmlf inches in diameter, showed that 
thirty 16-eandlepower lamps were maintained for eighteen 
and three-quarter hours at full incandescence, the average 
E.M. b\ being 00 volts, current III utit percs, eomeimttig eight 
pounds of carbon in the pots, to which, tn counting cost, 
must be added the carbon consumed outside the p,a 
to heat it. 

As in the ease of Mr. Otoe’s hunt gcrntmitor, there is no 
possible doubt that the current is produced by heat in Mr. 
Jacques’ apparatus, but in this instance! also the current u 
of very low potential, and the work does not appear to have 
amounted to much more than that of % wry m to renting 
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laboratory experiment; because it must be remembered that 
with th thermo-generators no form of regulation appears 
t,, be possible except, that of graduating the beat, which 
method is slow at best. Then, again, they have only been 
tried in small sir.es for which there is no particular demand. 
When, however, thermo generators are constructed on such 
a .scale thai a big lire of eheup fuel can be made to produce 
a hove \ohinte of eiirrent, even supposing it to be at low 
temuoti, then they will be of paramount importance. TJn- 
< 1 *uj 1 <ti!v. the eotulunation of dynamo-clcctric generators 
with wafer wheels will for a very long time prove one of 
the m»i,,i eeonoiiiieal soiiri’es of electric current, but a 
thermo '-enenitor plant, loeuted in the midst of the culm 
,,f th,- ri ■>t.ms, if only reasonably economical, 

v..,oid undoiihtedlv displace all mechanical moans and be 
u ( . t | ,,, ,.,t i a.-t masses of what is now regarded as 

U mu ,u.ee into elect nett',, which, as wo have soon, can be 
ian. i m pie-,,,.ire f..r transmission aH far as desired, and 


tic 1, a.wei.d a! the point of consumption. Such a system 
i.o -h! he evpeeled to he. UIHJVOtt t» it» aCtlOIl as 
eoiiipai’ed With the pm-mt aeeuntUdy regulated machinery. 

| -hn .an he -oeivonm hy supplying the low ten- 

i tne th.-rmo generators to a storage battery 

a ,j, ,, . ,n , the battery being discharged through the 
,,,,,pm , ..Hieitoi and the current scut to line in a steady, 
r\rui', i, . aait.-d t'a.w : steadiness of action being one of 
th.- 11,,e*t iulu•> 1 ‘ie attni.iitcs of the storage battery. The 
ih.-smo cc.ei.uor piomiM-s M he a large, heavy construe- 
t,..H the «,t.,ra:.-e nulteiv we know to he such. When com- 
i ia i,p* iat,,m as just proposed, these objections will 

.Icaoiaar, a lew ions ... or less of iron and load and 

bred and ... l-ng of no importance. The fact that 
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those two elements can bet made to co-operate by means of 
a shovel to convert what is now useless rubbish, into power, 
m the form of doetrio current, is the nil*important consul* 
oration which will affect the health, comfort and prosperity 
of future generations* 


THli X-RAY 

A BtMHiK description of this, the most wonderful due 
cover y made in connection with electricity and the most 
recent, seems a fitting eomdusion to the present review. 
As is usually the ease, experimenting hint been going on 
for many years in connection with the apparatus which in 
now used for the production of the X*Ktiv, m that a short 
glance backward is justifiable. 

Professor Faraday, about the year made many ex¬ 

periments in commotion with elcetrie discharges within rare 
lied gases. Ocisslcr, following Faraday, iutpm\t<d the tubes 
used by him for containing the rarefied gnnes, sealed pernuo 
mint platinum electrodes into them, ami increased the decree 
of rarefaction of the gases within the tubes. He also ex¬ 
perimented with many different gases, and worked out some 
very beautiful color effeets for the production of winch the 
Goinsler tubes are still manufactured am! used. 

In the year 1879 and mibsm|tteiitly\ Professor William 
Crookes published a series of roiiitirkiiblo papers upon Uu 
dlani, or, m he preferred to ml! it, n Fourth Siam of Matter, 
these publications disclosing great advances in tin? study of 
the action of electric discharges within riinilsiui guso*. Pro 
fessor Crookes ilemmistriitetl many things, the probabilities 
of which were suggested by Faraday* ami there w no doubt 
that ho prod maul X-Rays without knowing n, Anvwnv ho 
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greatly inii*r*> v*mI upon the Ueissler tube and brought the 
tub** in winch the X-Rays arc now produced to such a state 
of perfect o »n t hat. that part of an X-Ray apparatus is always 
referred to as tho C'rookcH tube. This consists of an ex¬ 
hausted g 1 h’*h bulb similar to that of a largo incandescent 
o loot no lamp, through the sides of which project two or 
m«»ro platmom wires carefully sealed into the glass. The 
inner ntdH <»f these wires are sumo inches apart in the in- 
fm«*r **i the bulk and are provided with small electrodes or 
dHk.-t ;te‘ plates usually *»f platinum or aluminum. Two of 
the w nv - are u rd at a tune, their outer ends being connected 
I * * the i v» i < t Minboiers extending from the source of current. 
The «'11' ast m ikm ‘ •♦mpleted to the tube, within which arc 
ilir « . la- :> , tk* ends nf which are, separated and across 

v, ;il , b p.e « th*' « uruitt must jump to return to the source. 

Tn» \ i I *d. m>w 11 Uay was discovered during the year 
jmm k |bk» i • *r Wilhelm t'unrml Roentgen, of Wurtzburg, 
\\ A% i ) x Ter i as i-. in itself invisible, but can be felt and 
i b, i familiar with its use. Professor lioent- 
^ , ,j v, .e» * .jH-runriitua: with several Limard and Crookes 
i >lf , t : i?1 i b,t 1 Min- i»f the latter in action inside of a box in 

, 4 s | >U:u jHiiiti \mw, it m happened that some lluoreseent 
JlUi «, li; y 5 v .a> ,.ii a j»jeec of paper that was lying near the 
l, IIXf H!u | Ti U - jiaitr s i.il glowcil visibly. Pro feasor Roentgen 
| ll4 ,; rd fm and krnk the cause, mill the X-Ray was discOY- 
rr ,.,| ib,in kd to the pn»«iuctiou of X-Rays in such quan- 
t u u A i , iietntk emild be freely carried cm, and these 
%rM o tr- bod in the itmIcing of photographs and the 
uppbrMii^i; *{ dr rnv ii»r surgical purposes. 

*\\ t fiinir i u u!nr c\jiiuinutioii of nuieoaliul objects, such 
i!,i 1 1>r k the Imiiiiisi body* it is necessary to place a 

r , iV p,,dumng bulb oil the iip|HisiUs side of the body to be 
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examined, and to then catch the rays coming through the 
body in a device for rendering them practically visible and 
called a fiuoroseope. This device is usually in the form of 
a pyramid-shaped box having an opening at its apex, and 
is held before the eyes of the observer like a stereopticon, 
when the shadows cast by the relatively opaque portions of 
the body through which the X-Rays are passing become 
patterned upon the screen of the fiuoroseope and practi¬ 
cally show what is being sought. 

The fiuoroseope is a funnel-shaped or pyramidal box of 
wood or cardboard with an opening at the small end shaped 
to fit the upper part of the face, including the eyes of the 
observer. This box is light-tight, and its lower widest end 
is completely closed by a thin slab of wood or other material 
easily pierced by the ray, and it is the inner side of this end 
piece which is coated with fluorescent material, as barium- 
platino-cyanide or tungstate of calcium, the two best ma¬ 
terials for the purpose, although many others can be used. 
In the absence of the X-Ray nothing is visible in the fluo- 
roscope. On looking into it when exposed to the ray the 
entire lower end or screen is brightly illuminated by the 
fluorescence developed by the X-Ray in the material with 
which it is coated, the effect resembling the appearance of a 
ground glass window at night with a good light behind it. 
If, now, the hand be held up against the outside of the 
screen, the large end of the fiuoroseope, the X-Rays will 
pass through everything except the bones so readily as to 
illuminate the fiuoroseope just as though the fingers were 
not there, except in those parts covered by the bones, 
through which the X-Rays do not pass so readily, so that 
those parts of the screen remain dark, thereby showing the 
outline or shadow of the bony structure of the hand. Sim- 
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llarly, if a lead pencil were held up in front of the screen, a 
thin black line only would be seen, this line representing 
the lead. This is due to the fact that the rays pass 
through the wood of the pencil so easily as to illumi¬ 
nate the material of the screen covered by the wood of 
the pencil just as brightly as the rest of it, consequently 
the wood is not seen. 

X-Rays are produced by the passage of currents of very 
high potential between the separated inner ends of wires 
contained within a glass bulb from which the air has been 
almost completely exhausted. The ends of the wires in 
the bulb are provided with small metal plates which are 
set at such an angle as to throw or deflect the X-Rays 
outward through the sides of the glass bulb in the desired 
direction. 

The apparatus necessary to produce the ray comprises 
a source of current, which may he a battery, and a power¬ 
ful Ruhmkorff (induction) coil (referred to under Distribu¬ 
tion of Current). The battery is connected to the primary 
of the induction coil and its current interrupted with great 
rapidity and distinctness, producing a rapid succession 
of alternating currents from the secondary coil, which 
is so proportioned that the currents flowing therefrom 
shall be of small quantity but very high pressure. The 
pressure or intensity of the secondary currents is ap¬ 
proximately estimated by the distance said currents will 
jump through the air between separated terminals. With 
the X-Ray apparatus induction coils are used of such 
enormous power as to be able to produce even a 12" spark, 
although a spark or flash which will jump across between 
terminals separated by from four to six inches will ordi¬ 
narily answer. These high-tension currents are led directly 
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to tlio terminakof tho CmokoH tube, and, in jumping through 
the Hpac*o between tho oleetrodea or drlhmting pinion of the 
ends of tho separated terminals within tin* bulb, the X Itny 
in developed, 

Strange tin mg h it undoubtedly in thut thin wonderful 
form cd light, for it w a light, in invisible to the rye» it 
afb'c'tH a photographie plate like any of her bid it. The lima 
required to make an X Ray pieture or radiograph depends 
upon the supply of X * Hays, mid linn firms f4mi«ItSy dittdnmh 
ing si nee the original disroven by Professor Uornlgeu, 
A photograph can now be taken in a liiiiuitr or no itmtmd 
of m pit ring half an hour or more, m in the beginning. 
If any one worn told that a tiinii eottld hunt a photogniplim 
plate tun! to hirt buck, the pinto bring inside n regular light* 
tight plain holder, ami thru stand tip IW a r»mp'*- of nun* 
UteH in front of u little g lass bulb filled with a pale sink I V * 
looking light, ami that tlmt pinto eottld thru be taken fr*on 
the holder ami developed in the usual way in a dark room 
and show a photograph of that man's umnles, hr 
believe it. It is ho utterly beyond any rtutrepf n*n of mortal 
mind uh to be a eleur ease of hi' ring is helteting. We see 
and wo. know, Wo know tlmt Urn X* liny u&talH, brmtfmr it 
makes photographs amt beenmm of tim tluoreseeii! nereen, 
but how hmg it has t*\ istrd and h»»w nlii-u it Inn bent pro* 
dutunl wo do not know, nor do wo know wSuii other eUraotr 
dinary properties of Ittglelettfiioti oleetrio mirrent# are n«iit 
waiting to ho discovered. 

The ease with which the Xdlny \m.mm through the 
different material# iuhuuh to bn learned only by e^pere 

nmnt. It w doubtful whether any material will iilwoiniidy 

atop the rays, but n think sheet of load mmm to offer ll m 
greatest obstaido yrt discovered, A hook of n limmntnl 
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r i, " ,v * "" t 0 ’’* t ' n "' t ' the X-Ray to any noticeable ex- 

t. ut anti an observation can be carried on through a thick 
!><<*•■ bnaftl without <lithcult,y. It is, in fact, much easier 

i, , snmiion tin- relatively opaque bodies than to catalogue 
tl,,.*.- tlti'oui'h winch the X-Ray passes without difficulty. 

no- ecu.Tally, it. may be said that bone, glass and 
,i,.iiic in. lai n particularly lead, arc relatively opaque to the 
\ I Jay. v, lute wood, leather, paper, water, tissue, carbon, 
alone, etc , ate transparent, that, is, oiler practically no 
oletacle the passage of the my therethrough. The 
X li.iv can )„■ (orime. 1 within the hulh, but from there it 
cue. to lued v.ith cstraonliuury speed stud in straight 
bn. \ l'hoio raphic h-us is of no use whatever in con¬ 
nection villa it, !» can ,e the rays pass straight through, and 
.uv t . oh. i rd!. ct, ,i nor refracted. A photograph taken by 
.iu," in. i thfoiich an object on to a sensitized plate 
I . n ' \K \\ - > - * ” I.r PAlilV MI;|4 tho object, the only way of 

j, ,i-o i. 1. ’ • i. pluU.no’aphing. One use of the X-Ray 

1 . 1 * i k ? v mt.i; tr.i u* licit n innst wonderful tiling liad 


1. « ! s O 

* i . f*.r a 1 m 1 1 |.. r Ititte without any one knowing 

l\ <•, i >* 

..-ninvestigators in the belief that other 

IMm! 1)1*1* * ‘1 

■ liiiui things am only waiting to be diseov- 

ri* *i 1 < j*» » 

m.mI «f ■**• jit t he present time tfeems to be as 

l ♦ 11 *' * *f * i * j ' 5 

* ufro ivAn tin* ntiryeon could possibly have, 

HI.d O h ! ‘ 1 

-d 1m »|*< d flint the time! will come when the 

X 1 i ’> - > > j 4 • • 

W jl! hr ii^wmhh to tlm poorest in every 

if, ; ! 1"h 

i j Ti , f«• nmiiil he no hotter school for the 

niu'li 1.1 tb-.u, 

; at» h.laii*N< iiji.tii such apparatus, and the 

iMllM’Ul 

| f lt r when a broken bone was 

l 

\% * 1 om o- n i 

1 «n we juo/hi nho export an end to the 

hoi : "i • • 

l i'l II II. 

V. • tc 

%tindt'rfnl unknown my is in itself invisible, 
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it tratels with great rapidity, maybe further than, we 
think, and absolutely unhindered by any such trifles as 
storm or fog. The future may see it applied to light¬ 
houses, for if the rays could reach to the horizon, an ap¬ 
proaching vessel provided with a fluorescent screen, as by 
painting the deck-house with fluorescent paint, would 
catch some of them, and by a known system of signals, 
for instance the wireless or “space telegraph , ” might be 
able to ascertain her position and be saved if in danger. 

Development is constantly going on in the electrical art, * 
but much of it is necessarily of a detailed and technical 
character, the effects of which are more apparent in the 
diminished cost of new installations than what is seen by 
the public at large, for which reason the writer lias omitted 
mention of many things as of no general interest, and while 
he may have generalized on some subjects, it is because a 
technical explanation would be foreign to the scope of 
this work. 


The substance of the foregoing has been drawn from 
the accounts published as the various subjects liave been 
brought forward; but the present writer desires to ac¬ 
knowledge’ courtesies extended to him in the matter of 
data and information by the General Electric Company, 
the Westinghouse Company, and by his friend, Mr. T. 
Comerford Martin, editor of the “Electrical World and 
Engineer” of New York City. 




